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For photomicrography 
and simultaneous obser- 
vation, binocular photo 
tube “FS” is available 
at an additional charge 
of $50.00. 


the 
laboratory 
MUCLOSCOPE 
which 
fulfills 
research 
requirements 


thenew LEITZ LABOLU X Illa 


The Leitz Labolux IIIa is a new laboratory microscope with built-in illumination and the famous 
Labolux ball-bearing focusing control, which combines both coarse and fine focusing in a single 
knob. Available with a wide variety of accessories, the Labolux IIIa is reeommended for all routine. 
laboratory work and, in addition, can be equipped to fulfill the most exacting research. 


A variety of interchangeable tubes is available: monocular, binocular or trinocular (binocular 
viewing plus photo tube for photomicrography). Tubes can be rotated 360° so that the Labolux IIIa 
may be faced away from the observer, for increased accessibility to all controls and to the object 
stage, and to make “‘conference-viewing” by two consultants more convenient. 


Among the condensers available are the Abbe type, the Berek 2-diaphragm condenser, and condensers 
for phase contrast and dark field observations. The Labolux IIIa is readily adapted to fluorescence 
microscopy by addition of the Leitz fluorescence accessories. The large stand, in a new contemporary 
design, is constructed for a lifetime of use with fatigue-free operation and precision performance. 
All controls, including the knobs for the mechanical stage, are in a low convenient position, High- 
power objectives have spring-loaded mounts for prevention of damage to lenses and slides. 


LABOLUxX Illa, Model S 25/95 


e inclined binocular tube S with knurled knob to adjust for proper interpupillary distance e built-in 
mechanical stage #25 e two-lens condenser #95 ¢ substage unit with rack and pinion focusing accepts 
sleeve-type condensers ¢ quadruple nosepiece with achromats 3.5X, 10X, 45X and 100X oil immersion, 
the last two having spring-loaded mounts ¢ paired 10X wide-field eyepieces ¢ horizontal carrying case 
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For literature and/or a personal demonstration in your laboratory, write: Dept. SC-10 


E.LEITZ, INC., 468 FOURTH AVENUE, NEW YORK 16, N.Y. 
Oistributors of the worltid-famous products of 
Ernst Leitz G.m.b. H., Megziar, Germany—Ernst Leitz Canada Ltd. 
LEICA CAMERAS + LENSES - MICROSCOPES : BINOCULARS 
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every order shipped 
within 8 hours? 


Sounds incredible, but it’s true! We at NBCo know 
the importance of TIME to research organizations. 


& 


Consequently we have developed our order processing, filling 
and shipping techniques to a precise science, which requires 
every order to be shipped within 8 hours of receipt . . . 

and we can even process emergency shipments within ONE hour! 
In addition to offering the FASTEST service. of any 
research biochemical house, we are equally proud 

of our reputation for QUALITY... the highest possible 
quality... at the lowest possible price. 

We invite you to join the thousands of organizations 

who rely on NBCo...the world’s largest, 

most complete research biochemical company. 





Our stock of more than 
2,500 items includes: 


© Over 300 Amino Acids e Steroid Hormones 
© Over 90 Peptides e Fatty Acids 
e Antibiotics 


@ More than 200 Nucleoproteins, 
Purines, Pyrimidines 
@ Miscellaneous Biochemicals 


e Carbohydrates 

e Purified Proteins 
Alkaloids 

Biological Salt Mixture 
Biological Test Material 
Glandular Substances 


e Vitamins 


© Enzymes-Crystalline, Purified 
e Growth Factors 
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SARGENT 
ANALYTICAL OVE 


@ HEAT TRANSFER BY RADIATION AND CONDUCTION 


@ OVER FOUR SQUARE FEET OF WORKING AREA 





DIRECT READING, SINGLE TURN TEMPERATURE 


-_ | ADJUSTING DIAL 


OPERATING RANGE, 35° TO 200°C 


| @ ALL INSIDE METAL AREAS AND AIR VOLUME 

js COINCIDENT IN TEMPERATURE WITHIN + 2%°C 
WHETHER UNLOADED OR FULLY LOADED 
} 

c @ TEMPERATURE AT ANY POINT CONSTANT WITHIN 

is +¥%°C WHETHER UNLOADED OR FULLY LOADED 

i 

| 

is 


$-64080 OVEN—Analytical, Radiation-Conduction Type, Double Wall, 
200°C, Sargent. A new laboratory analytical oven designed 
to emphasize conduction and radiation as modes of heat 
transfer and to minimize the contribution of convection, 
thereby achieving an unprecedented uniformity of tempera- 
ture throughout the entire cubic space of the isolated 
aluminum interior chamber. 





The inner chamber is obstruction free. Three removable 
Rieldned & Manufactured ine flat aluminum shelves and a flat bottom area provide over 
E. H. Sargent & Co. four square feet of useable space for moisture samples. 
Heat is applied at a very low gradient and over a wide 
area from a nickel-chromium ribbon element in woven glass 
sleeving. 244 inches of fiber glass insulation results in low 
wattage requirement and permits temperature to be regu- 
lated by a special Sargent heavy duty, bimetal regulator. 
Temperature is adjusted by simple rotation of a single 
turn disk on the lower panel. A dial type thermometer is 
mounted on the door. 











Constructed of heavy gauge, welded steel, finished in 
baked enamel. Inlet and outlet vents are provided. The 
oven door automatically opens if pressure builds up inside. 

Range, 35° to 200°C; inside width, 14 inches; inside 
height, 13 inches; inside depth, 12 inches; outside width, 
19 inches; outside height, 224% inches; outside depth, 16 
inches; net weight, 60 lbs. Complete with three shelves and 
: thermometer. For operation from 115 volt, 50 or 60 cycle 
A.C. circuits $165.00 


; SCIENTIFIC LABORATORY INSTRUMENTS © APPARATUS @ SUPPLIES @ CHEMICALS 


€.H. SARGENT & COMPANY, 4647 W. FOSTER, CHICAGO 30, ILLINOIS 


OCETROIT 4, MICHIGAN « DALLAS 35, TEXAS « BIRMINGHAM 4, ALA. ¢ SPRINGFIELD, N. J. 
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16 Cover Electron micrograph of a fractured quartz crystal, taken as part of a basic study 
and of fracture surfaces being made at the National Bureau of Standards. Fracture surfaces 
ycle are of considerable interest in determining the mode of energy dissipation once fracture 
00 has been initiated. The crystal was fractured in tension parallel to the basal planes. 
Replicas were made by the collodion-carbon double-replica technique, with palladium 
shadowing. The picture shows “steps” meeting at an angle which suggests the presence 
of a boundary between twin domains. Fracture markings, similar to those occurring in 
IS many materials, appear along with cleavage planes, which are of particular interest in 
view of the extremely poor cleavage of quartz. Such planes are less prominent in frac- 
tures propagated along other crystallographic directions. (14,700) [National Bureau 
o1s of Standards] 
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How the Outer Edge 
of the Earth’s 
Atmosphere Can Be 
the Training Ground 
for Man’s First 
Landing on the Moon 


by Norman V. Petersen 


Chief of the Astro Systems and Research Laboratories, 
Norair Division of Nortirop Corporation 


One of our current studies at 
Norair shows that a manned cap- 
sule can be rocket-launched from 
the earth in a ballistic trajectory 
approximating an approach to 
the moon. A braking rocket blast 
fired from the capsule would 
push the vehicle into an earth- 
ward turn and place it in landing 
position above the earth’s atmos- 
phere — the same way a space 
ship would maneuver for a lunar 
landing. Such a maneuver would 
permit simulation of the lunar 
landing maneuver in near vac- 
uum conditions as on the moon. 
It would utilize the blanket of air 
about the earth for safe recovery 
upon re-entry. 


We base these particular studies 
on the use of conventional 
manned satellite capsules modi- 
fied by the addition of a brak- 
ing rocket as the lunar landing 
trainer and a ballistic rocket 
booster as the launching vehicle. 


The capsule would be ejected at 
50 miles altitude after traveling 
100 miles from the launch site. 
Trajectory prior to ejection could 
be made to simulate either a 
close orbit approach to the moon, 
an intersecting elliptictrajectory 
approach or a vertical approach 


from a direct earth-moon trajec- 


tory. The guidance system would 
perform automatically during 
the initial approach, but would 
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be fitted with an “override” fea- 
ture allowing the pilot to take 
over the controls during the brak- 
ing maneuver. 


For ten seconds the capsule would 
hover motionless above the 
earth’s atmosphere — supported 
by the reverse thrust of the 
rocket blast. Then the pilot and 
capsule would re-enter the atmos- 
phere in a low-speed free fall. 
After re-entry, the descent would 
be completed by parachute. 


Ground-based stations would 
beam a motion picture display of 
moon terrain during the braking 
roeket descent. This, coupled 
with the capsule’s guidance sys- 
tem, would give the pilot an 
actual irapression of steering his 
vehicle to a moon landing. 

This simulated lunar landing 
study is only one of our many 
current missile and space pro- 
grams at Norair. Our range of 
activity allows the scientist and 
the engineer to work in research, 
design and development. He is 
active in the fields of close orbit, 
lunar and interplanetary flight 
regimes as well as in research in 
the many fields of space tech- 
nology. These fields embrace 
astrodynamics, astronavigation, 
space physics, bio-astronautics, 
space electronics, space materi- 
als and processes, space propul- 
sion and space structures. 





Work in such challenging areas 
is stimulating, and the Norair 
environment is encouraging. For 
surrounding us are the finest fa- 
cilities and the vast array of the 
entire Northrop Corporation’s 
equipment. 

The Norair scientist and the engi- 
neer enjoys deep professional 
satisfaction and a continuing 
chance to broaden his activities 
in space age developments. He is 
one of those important men who 
are making the news happen at 
Northrop. 


Current papers by Northrop 
scientists and engineers include: 


A Simulator for Lunar Landings 

—Norman V. Petersen 

The Influence of Launch Condi- 

tions on the Friendly Rendez- 
vous of Astrovehicles 

—Robert S. Swanson and 

Norman V. Petersen. 


For copies of these papers 
and additional information 
about Northrop Corporation, 
write: 






NORTHROP 3 
CORPORATION | 


Dept. T4-1300-32, P.O. Box 1525 
Beverly Hills, California 
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—new laboratory apparatus made from rugged “hard” glass 


New Kmax laboratory glassware from 
Kimble may offer you new opportuni- 
ties for greater savings through dis- 
counts, Ask your dealer about them. 
Krmax incorporates Kimble’s high 
standards of accuracy, design and 
workmanship with new durability. 


26015 DISTILLING FLASK. Reinforc- 
ing bead on rim for extra strength. 
Side-tube seal to neck is uniform and 
heavy. Uniform walls, “hard” glass 
construction provide additional 
strength. In sizes from 25 ml capacity 
to 1000 ml. 


22012 DISTILLING RECEIVER. Made 


KIMBLE LABORATORY GLASSWARE 
AN @ PRODUCT 
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of KG-83 “hard” glass to withstand 
thermal shock. Calibrated to contain, 
retested for accuracy. Standard taper 
joints carefully ground. 10 ml capacity. 


18130 CONDENSER. Built to with- 
stand thermal and mechanical shock. 
Sealed-in inner tube has standard taper 
joint and drip tip at outlet. Adapter is 
tooled for accurate stopper fit and 
thick-walled for greater strength. In 
two sizes—300 mm and 400 mm. 


24071 EXTRACTION TUBE. Made of 
heavy, uniform tubing for greater 
strength. Vapor tube protects siphon 
tube. Standard taper joints. Available 


in three inside tube diameters—380, 88 
and 50 mm. 


20007 ASTM GRADUATED CYL- 
INDER. Calibrated to contain. With 
round base (60 mm diameter) to fit 
cooling baths. Reinforcing bead at top. 
Uniform, heavy walls. Assured accu- 
racy of entire scale. Durable markings. 
Complies with ASTM requirements. 
Also available in 25 ml capacity. 

See your Kimble dealer for more de- 
tails or write Kimble Glass Company, 
subsidiary of Owens-Illinois, Toledo 1, 
Ohio. 

KIMAX is available through dealers in the United 
States, Canada and principal foreign cities. 


Owens-ILLINoIs 


GENERAL OFFICES - TOLEDO 1, OHIO 
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ROYAL PRECISION 


Nig 


Your 
greatest 
computer 
value 
on 
the 
market... 





go 9 8 a8 














a a 
insid e .-» The world’s largest-selling engineering 
and scientific computer, the compact, mobile LGP-30 is also 
the lowest-priced complete computing system you can buy or 
lease. It gives you the largest memory (4096 words) and ca- 
pacity in its class. Internal components have been greatly 
reduced to insure highest operating reliability. The logic 
circuit and few etched circuit cards_are easily removed for 
checkout and maintenance. and «+» The LGP-30 oper- 
ates from any wall outlet, requires no site preparation. With 
its simplified command structure, the LGP-30 is the easiest 
computer to program and operate. It is delivered complete 
with tape typewriter for alpha-numeric input-output. An ex- 
tensive library of programs and sub-routines is available. Sold 
and serviced coast-to-coast, in Canada and abroad by Royal 


= McBee, it’s your greatest computer value inside and oO ut, 


ona 

















824 





Royal Precision Corporation 
Royal Precision is jointly owned by the Royal McBee and General Precision Equipment 
Corporations. LGP-30 sales and service are available coast-to-coast, in Canada and 
abroad through Royal McBee Data Processing offices. For complete information write 
ROYAL MCBEE CORPORATION, data processing division, Port Chester, New York 
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Chromatograph-pure fractions —Isolation of 
pure components, as small as 0.0002 cc, is made pos- 
sible by the Beckman GC-2. Gas Chromatograph, 
using a new system of fraction collection. Pure, 
minute fractions are captured and condensed in a 
fluted glass tube, then transferred to microcells for 
infrared analysis or retained for other studies. Large 
samples can be introduced and fractionated with 
no loss of resolution, by using a unique large-column 
and time-controlled heated inlet. % These and other 
accessories — such as the new Dual Column Valve, 
Precision Liquid Sampler, Back Purge Kit, Large- 
volume Gas Sampling Assemblies and Interchange- 
able Columns — offer new versatility and precision in 
gas chromatography. For details see your Beckman 
dealer or write for Data File 38-39-04 


Beckman: 
Scientific and Process | Instruments Division 


Beckman Instruments, Inc. 
2500 Fullerton Road, 
Fullerton, California 





PHOTO BY WILL CONNELL 





ULTRAVIOLET AND INFRARED SPECTROPHOTOMETERS » GAS CHROMATOGRAPHS + pH METERS - ELECTROCHEMICAL INSTRUMENTS 
SALES AND SERVICE FACILITIES ARE MAINTAINED BY BECKMAN/INTERNATIONAL OIVISION IN FIFTY COUNTRIES 











Bantam-ware better 
than other small-scale 
glass apparatus 


1. NO POCKETS to catch the product. 
Ball-and-socket connections let product flow 
straight through without hold-up. 

2. COMPACT ball and socket joints mini- 
mize “dead space” between columns and 
condensers. Entire Bantam-ware unit occupies 
only 2.5 sq. ft. 

3. BETTER CLAMPING—Ovter walls of 
the ¥ joints are cylindrical; permit vice-like 
gripping by clamps. 

4. MOUNTING FLEXIBILITY—Ball and 
socket joints prevent glassware strain while 
clamping. 

5. NO-SLIP HOSE CONNECTORS 
Serrated design resists slippage due to in- 
ternal pressure, eliminates makeshift wired-on 
assemblies. 

6. SPECIAL $ JOINTS—No  product- 
catching bulb below grinding. Outer walls 
cylindrical for easy clamping. No thin spots, 
7. CORRECT BULB POSITIONING 
Adapters permit proper positioning of ther- 
mometer bulbs in relation to sidearms, thus 
assuring accurate temperature readings. 

8. VERSATILE THERMOMETER JOINTS 
Use ¥ 10/18 or ¥ 10/30 thermometers. 
Adapters, distilling heads, flasks, etc., are 
designed to take either, 


ORDER this time-saving, work-saving 
Bantam-ware kit for fractionation, 
distillation, chromatographic analysis, 
extraction, filtration, reflux and sepa- 
ration. Catalog No. K-27010: $440 com- 
plete. Write for free Catalog TG-I5A. 











© | KONTES 
GLASS COMPANY 


First Choice For Quality Technical Glassware 
Vineland, New Jersey 


Midwest Distributor: Research Apparatus, Inc., Wauconda, Ill. 
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Letters 


Comfort and Environment 


Your “Dog days” editorial [Science 
130, 131 (1959)] indicates adverse re- 
action to the “discomfort index” for 
business reasons. There are additional 
grounds for dispensing with the new 
discomfort index. Since human com- 
fort is a rather complex function of 
ambient temperature, humidity, wind, 
and radiation load (principally solar, 
but also infrared as represented by wall 
temperature in a room), it would ap- 
pear that a discomfort (or comfort) 
index should include the effects of all 
four environmental quantities. Addi- 
tionally, however, the large individual 
differences in personal reaction to the 
physical environment, with both phys- 
iological and _ psychological factors, 
would appear to make determination of 
a rational discomfort index a virtual 
impossibility. 

KENNETH H. JEHN 
Electrical Engineering Research 
Laboratory, University of Texas, 
Austin 


Properdin 


Having read with great interest D. W. 
Talmage’s “Immunological specificity” 
[Science, 129, 1643 (1959)], I would 
like to comment on the hypothesis 
raised, in reference to the properdin 
system. 

No really satisfactory definition of 
properdin is available at the present. 
Although most investigators consider it 
a discrete entity—‘‘a naturally immune 
factor”—recent work, especially that of 
Nelson (1), attempts to erase the dis- 
tinction between the properdin and the 
classical antibody system. Properdin is 
considered a “natural antibody of broad 
if weak spectrum of activity.” Although 
properdin does seem to possess certain 
distinct physicochemical characteristics, 
yet discrepancies are found in its im- 
munological activity. For instance, there 
is lack of correlation of its activity as 
measured by phage neutralization, 
zymosan titration, or antimicrobial 
activity (2). 

H. Isliker of Bern, Switzerland, indi- 
cated recently that properdin is a poly- 
mer of 7-S globulins linked reversibly 
by disulfide bonds (3). Thus it may be 
that the wide spectrum of properdin 
activity is due to the different affinities 
of component “natural globulins,” and 
that the lack of correlation in measure- 
ments of its activity made by different 
methods results from variation in the 
ratios of immunologically different glob- 








ulins incorporated into 
molecule. 

I have always been impressed by the 
fact that properdin titers are consistent- 
ly found to be decreased in infections 
and malignancies and in military per- 
sonnel subjected to a massive immuniza- 
tion program (4)—all conditions involv- 
ing a specific antibody formation. As 
this had never been adequately ex- 
plained, we felt that something in the 
nature of a “competitive equilibrium” 
was involved—properdin polymer dis- 
sociating into its component globulins 
which were then “retooled” to fit the 
antigens flooding the organism. With 
Talmage’s hypothesis, such a “retooling” 
would not be deemed necessary, with 
natural globulins reaggregating into spe- 
cific complementary patterns. This 
hypothesis should certainly be easy 
enough to check experimentally with 
labeled globulins. 

I certainly agree with Talmage that 
it would be of interest to check whether 
properdin could be inhibited by the 
mechanisms of immune _ tolerance. 
Zymosan would seem to be the logical 
inhibitory agent. Such an experiment 
would be helpful in elucidating the true 
nature of properdin. A finding of com- 
plete suppression would tend perhaps to 
strengthen the position of those who 
consider it a natural antibody. Also, it 
would provide an opportunity to ascer- 


tain properdin’s role as a defense 
mechanism. 


the macro- 


MICHAEL W. RYTEL 
Wistar Institute, 


Philadelphia, Pennsylvania 


References 


1. R. A. Nelson, J. Exptl. Med. 108, 515 (1958). 

2. K. M. Cowan, Science 128, 778 (1958). 

3. H. Isliker, Proc. Intern. Congr. Biochem., 
10th Congr., Vienna (1958). 

4. I. Schultz and G. H. Stollerman, Clin 


. Re- 
search Proc. 5, 304 (1957). 


Without commenting directly on Ry- 
tel’s interesting hypothesis of the nature 
of properdin, I would like to clarify an 
apparent misunderstanding of the word 
combination as used in my article. I 
used the word in its abstract mathe- 
matical sense to indicate the number of 
different ways that independently re- 
active globulin molecules can be 
grouped. There was certainly no inten- 
tion of implying a physical aggregation 
of natural globulin molecules. Studies 
with sulfur-35 amino acid incorporation 
in a number of laboratories have clearly 
shown that antibodies are formed 
directly from amino acids de novo— 
that is, not from preexisting globulin or 
other protein precursors. 

Davip W. TALMAGE 
University of Colorado Medical Center, 
Denver 
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Arc power, typified by Avco Model PG-500 Plasma Generator 
(above), duplicates searing heat of re-entry. Operating simplicity of 
Avco Model PG-030 (inset) permits wide use in the development 
of plasma spray techniques. Lightweight, compact—only 214” x9”. 

i NOW AVAILABLE... 

m., 

te. USE-PROVEN PLASMA GENERATORS 

* 

, that duplicate the searing heat of re-entry 

a Avco Model PG-500 Plasma Generator, operating at operation and features automatic starting, a high degree 

a one atmosphere of pressure, produces enthalpies from of controllability, quiet operation and shop-type 

I 250 to 12,500 Btu/lb, consumes up to 1.5 megawatts of __ reliability. 

1e- power, uses air as the working fluid and incorporates Write for bulletins describing Avco’s products 

of over two years of re-entry simulation experience. PG-500, and systems in the fields of Major Research Facilities, 

re- producing heat fluxes and temperatures on a continuous = Hypervelocity Instrumentation and 

= basis formerly attained on an intermittent basis in the Environmental Test Equipment. 

ie shock tube, now provides the long running times in air Write to: Products and Services Dept., 

ies necessary for materials development. Research and Advanced Development 

on Another unit in the Avco-developed family of plasma Division, Avco Corporation, 201 

rly generators, Model PG-030, consumes from 2 to 20 kilo- Lowell St., Wilmington, Mass. 

ed watts of power and produces temperatures over the range 

|, | from 2500°F. to 12,000°F. Model PG-030 is used for de- y 

velopment of plasma spray techniques and spectroscopic VvVoOoO 
GE studies. Using argon as the working fluid, it is capable of 
er, virtually unlimited operation at a power level of 15 kilo- 
watts. Model PG-030 is especially suited to low cost Hesearch & Advanced Development 
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Albert Einstein...on the chief interest of science ii 
iter 





ence 


“Ttis not enough that you should understand about solved problems of the organization of labor and eee 
applied science in order that your work may the distribution of goods ~ in order that the crea- oon 

, man 
increase man’s blessings. Concern for man himself tions of our mind shall be a blessing and not a ae 


and his fate must always form the chief interest of curse to Mankind. Never forget this in the midst - 


all technical endeavors, concern for the great un- of your diagrams and equations.” ig 


~ Address, California Institute of Technology, 1931 to 1 


addr 
and 
THE RAND CORPORATION, SANTA MONICA, CALIFORNIA er 
$5 
Cab 





A nonprofit organization engaged in research on problems related to national security and the public interest 
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New Garb 


From the time when the contents of The Scientific Monthly and those 
of Science were combined in January 1958, the number of pages of both 
text and advertising has gradually increased. The first of these increases 
is a consequence of deliberate policy on our part: we thought it both 
desirable and obligatory to expand the text of the combined magazine 
to approximate the total that had previously been printed in both. 

The second increase, that in advertising, is attributable in part to the 
sharp rise in circulation that was an automatic consequence of the com- 
bination of the circulations of the two magazines: circulation of Science 
jumped from less than 40,000 to nearly 60,000. It has now passed the 
62,000 mark. 

The increase in size of individual copies (the 48-page issue typical of 
1957 has given way to the 64-page issue typical of today) and the great- 
ly increased press run have nearly doubled the size of our printing job. 
The demands of both economy and speed could be satisfied only by the 
use of larger and faster printing equipment. Consequently, we were re- 
luctantly forced to shift our printing from Business Press, Lancaster, 
Pa., to the National Publishing Company, Washington, D.C. It was no 
easy or happy decision for us to terminate our cordial and effective 
relationship with the Business Press, a press that has performed with con- 
sistent high standards of presswork, prompt attention to our needs, and 
notable devotion to the job of getting Science out on time, despite power 
failures, blizzards, and other hazards. 

The shift in printers gave us an opportunity to make a fresh appraisal 
of the magazine and to consider what changes would be desirable in the 
reader’s interest. We decided to continue to use the same format, which 
we think is a good one, but to make changes in headings and type faces 
that would increase readability and help the reader locate material of 
interest. Thus the general appearance of the pages remains the same, 
but the type faces are different and, we hope, more readable. 

The most immediately obvious change is in the cover. Formerly we 
used a self-cover (a cover of the same paper stock as the rest of the 
magazine), but as the magazine increased in weight this became progres- 
sively less satisfactory. The separate cover of heavier stock has several 
advantages: it will permit us to mail Science unwrapped and unfolded, 
and it will permit us to carry cover pictures of subjects of scientific in- 
terest. Some of these we will draw from articles that we are publishing, 
but the great majority will have to come from other sources. We invite 
our readers’ cooperation in supplying us with suitable pictures. 

The new cover has one disadvantage: it no longer carries the list 
of contents, a feature of the former cover that was appreciated by many 
subscribers. To make the best compromise possible, we have transferred 
the former cover material in essentially unchanged form to the third 
inside page. In subsequent issues it will occupy the same position. 

So much for the changes. We feel somewhat like an elderly lady (after 
all, we were born in 1883) who has ventured to appear in a somewhat 
more daring gown than has been her custom. Like such a lady we hope 
our new garb meets with favor; unlike her we won’t mind sharp and con- 
structive criticism.—G.DuS. 











oa 
g RE SE 


pataer cue | 
oe Ps = 
s 


dasons OP exnaey 


cutee @ were 


This transistorized spectrometer is by far the smallest and most compact avail- 





able—yet it has more important and unique features than any other on the market 
today. Furthermore, it can be used directly with the Packard Auto-Gamma 


Sample Changer for completely automatic counting of test tube samples. 


Write for Complete Information. Request Bulletin 400. 





P.O. BOX 428A © LA GRANGE, ILLINOIS 


SCIENCE, VOL. 130 








SEO. . SFE aE 


ee 


SSA TE 


wom 


meets 














| 
| 








30 





2 October 1959, Volume 130, Number 3379 


CURRENT PROBLEMS IN RESEARCH 





The Villafranchian 


and Human Origins 


Man’s bipedalism and the use of tools appeared during 
times of faunal change in the early Pleistocene. 


Few people lack curiosity about their 
ancestors, their genealogy, and the ways 
of the world in the past. This curiosity 
extends to the ancestry and history of 
all mankind. In the last hundred years 
theological explanations have—especial- 
ly in countries of Western cultural tra- 
dition—tended to be replaced by a more 
rational approach to the matter. This 
approach is the concern of human pale- 
ontology, and its inception is closely 
linked with the name of Darwin. 

A century ago only a few early hu- 
man skeletal remains were known, and 
these only from Western Europe. These 
represented either the approximately 
35,000-year-old Cromagnon people or 
the (then scarcely recognized) 50,000- 
year-old “classic” Neanderthal folk. 
Much understanding of the course of 
human evolution has been gained since 
Darwin’s time, and especially within the 
past quarter century (/). There are 
still some extraordinary gaps in the 
fossil record of the family Hominidae 
with respect both to specific ranges of 
Pleistocene time and particular geo- 
graphic areas. Some such gaps, like the 
middle Pleistocene range in Mediter- 
ranean Africa, have become known 
only in the last decade, as investigations 
have been vigorously pursued in the 
field. However, fossil hominid speci- 
mens are still almost entirely unknown 
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from this range of time in Western Asia 
and in sub-Saharan Africa. The most 
striking hiatus, particularly since stone 
artifacts are far from uncommon, is the 
complete absence of hominid skeletal 
remains from the Pleistocene in the 
Indian subcontinent. 

In spite of these deficiencies in 
knowledge, a good deal is known of the 
major evolutionary stages in hominid 
phylogeny for the latter half of the 
Pleistocene. Several distinct, largely geo- 
graphically restricted lineages are recog- 
nized to have existed during the middle, 
and to have persisted into the early 
upper, Pleistocene; these probably rep- 
resented paleospecies (2), although 
some workers consider them to have 
been generically distinct (3). From a 
portion of one such (not Asian) line- 
age, anatomically modern man (Homo 
sapiens) evolved, but the details of this 
transformation are still largely obscure 
(4). This best documented aspect of 
human paleontological knowledge en- 
compasses only the later phases of 
man’s evolution. It is well known largely 
because of its recency and because there 
are apparently more abundant traces of 
human occupation in datable Pleisto- 
cene contexts, especially since these can 
often be linked with effects of the ex- 
tensive continental glaciations of the 
Northern Hemisphere. This record thus 
begins, broadly, during the time of the 
first of these great continental ice sheets, 
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variously named in Germany (5), Brit- 
ain (6), Poland (7), and European 
Russia (8). 

The main lines of hominid evolution 
were set during an earlier segment of 
the Pleistocene. The mammalian faunas 
of that time range, in Europe, Asia, and 
Africa, reveal the first appearance of 
new and modern genera in an otherwise 
often archaic assemblage. This was an 
extended period of fluctuating, but gen- 
erally cooler and more temperate, cli- 
mates compared with the late Tertiary 
(Pliocene), leading to mountain glacia- 
tion and changing biotopes and biotas. 
It was a time marked by extensive 
mountain building, faulting, and up- 
warping to the extent of several thou- 
sand meters, as seen in the Alps, Pyr- 
enees, Caucasus, Atlas, and Himalayan 
ranges (9). This long interval, repre- 
senting the lower Pleistocene and often 
termed the Villafranchian after its char- 
acteristic fauna, encompasses a time 
probably as long as the whole of the 
middle and upper Pleistocene. Half a 
million years is perhaps a modest esti- 
mate. The recent work by Emiliani 
(10), who employed oxygen isotopes in 
the analysis of climatic change from 
ocean-bottom cores, gives some promise 
of providing an “absolute chronology” 
for the Pleistocene. However, the pub- 
lished climatic curves appear to encom- 
pass only the latter half of the Pleisto- 
cene—that is, the three major conti- 
nental glaciations and the intervening 
Great and Last interglacial stages, the 
stratigraphy of which closely parallels 
the core profiles. 

The lower Pleistocene represents per- 
haps the most crucial period for future 
research in human paleontology. Such 
efforts promise results of great signifi- 
cance to the understanding of formative 
phases of hominid phylogeny and the 
elucidation of those distinctive asso- 
ciated patterns of behavior which dif- 
ferentiated the first hominids from other 
higher primate (pongid) antecedents 
and collaterals. I have attempted in 
this article to indicate a part of what is 
known of the Villafranchian stage from 
traces of hominids of this period. 
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Villafranchian: Europe and Asia 


The base of the Pleistocene is best 
defined by three lines of evidence: tec- 
tonics, climatic deterioration, and the 
appearance and distribution of new 
forms of animal life. In the majority 
of stratigraphic sections, an uncon- 
formity, representing an interval of up- 
lift and erosion, separates terminal Plio- 
cene deposits from overlying marine or 
continental (Villafranchian) sediments 
of the basal Pleistocene. The first signs 
of marked cooling are evident in the 
appearance of north temperate or arctic 
forms (such as Cyprina islandica in 


Mediterranean waters) in marine in- 
vertebrate faunas, and in vegetation 
changes demonstrated by palynology 
or by the particular conditions of sedi- 
mentation. Continental deposits of basal 
Pleistocene age contain mammalian as- 
semblages referred to as Villafranchian, 
from the type locality of Villafranca 
d’Asti in the upper Po river drainage 
basin (//). Such faunas are character- 
ized by the first appearance of the mod- 
ern genera Elephas (Archidiskodon), 
Bos (Leptobos) and Equus (and, in 
some areas, Camelus), but in associa- 
tion with a number of other typically 
late Tertiary species (/2). The term 
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Fig. 1. Villafranchian stratigraphy and climatic change in the North Sea basin and the 
Leffe lake basin (Tuscany). The silhouettes indicate some of the characteristic species in 
particular faunal assemblages. The Leffe climate curve, based on palynological evi- 
dence, is expressed in terms of present altitude corresponding to vegetation; Leffe is 


400 meters above sea level. 
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[Compiled from various sources; see text citations] 


Villafranchian has also often been ex- 
tended to apply to this basal Pleistocene 
interval as well as to the fauna. The 
termination of the interval is ill defined; 
it is probably best taken as the base of 
the Cromerian “interglacial” stage (73) 
or its marine equivalent in the Mediter- 
ranean basin, the Sicilian (14). This 
stage immediately precedes the first 
major continental glaciation. 

In western and southwestern Europe 
(/5), evidences of fluctuating sea levels, 
both transgressive and regressive, and 
of variably cooler climates, unlike the 
preceding Pliocene (/6), are recognized 
at a number of localities. The tilted 
deep-water Plaisancian and _ brackish 
Astian sediments of the (later) Pliocene 
sea, which flooded many areas of low- 
land southern Europe which are con- 
tinental at present, are unconformably 
overlain in a number of regions (in 
southern France and Italy) by the 
marine deposits of the basal Pleistocene 
Calabrian sea (/7). The Calabrian, a 
transgressive sea which was_ subse- 
quently regressive [compare the Po val- 
ley; also the Emilian stage of Emilia 
(78)], has as its continental equivalent, 
developed in unsubmerged and emer- 
gent uplands, a series of fluviolacustrine 
sands and gravels with a markedly cool 
temperate flora and a _ characteristic 
Villafranchian mammal fauna. The 
contrast with the subtropical vegetation 
and archaic mammal faunas of the 
Pliocene is striking and clearly deline- 
ated. 

The comparable successions afforded 
by the North Sea basin, in East Anglia 
(79) and the Netherlands (20), and by 
the polliniferous clays and lignites of 
the lacustrine basin of Leffe (Bergamo, 
Tuscany) (2/) illustrate the main pat- 
tern of climatic change during the Villa- 
franchian in western and _ southern 
Europe (Fig. 1). The evidence would 
seem to indicate at least two major 
colder stages, the latter double, prior to 
the well-defined Cromerian interglacial 
stage. These two colder stages are sep- 
arated by the still inadequately known 
Tiglian “interglacial” stage (22). This 
sequence is paralleled in the Rome re- 
gion by the Acquatraversan and Cassian 
phases of colder climate which precede 
the transgressive Sicilian sea and the 
extensive eruptions of the Sabatino 
volcanoes (23). A very considerable 
body of evidence indicates several 
phases of fairly extensive mountain 
glaciation during this interval, very 
probably including the Donau (24) and 
Giinz stages in the northern Alps. The 
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first Himalayan glaciation is perhaps 
the Asian equivalent. However, there is 
a dearth of evidence of direct correla- 
tion of these subalpine stages either with 
continental Villafranchian deposits in 
the lowlands or with equivalent marine 
horizons. 

The European Villafranchian lacks 
any trace of higher primates, and there 
are no stone implements testifying to 
occupation of the continent by hom- 
inids (25). This was probably a conse- 
quence of two factors: (i) Europe was 
not a primary center in the original 
hominid radiation, and (ii) the extent 
of the Mediterranean and Black seas 
(26), not only in the Pliocene but also 
during the Calabrian and Sicilian trans- 
gressions of the early Pleistocene, cre- 
ated impassable water gaps which effec- 
tively isolated Europe. The first evidence 
of hominid occupation of the European 
continent is well along in the earlier 
middle Pleistocene. It corresponds to 
the time of the Romanian regression 
(27) of the Mediterranean, when eu- 
static lowering of sea level attendant 
upon the first major continental glacia- 
tion evidently permitted expansion into 
Europe of those peoples [probably rep- 
resented only by the Mauer (Heidel- 
berg) mandible] responsible for the 
Abbevillian hand-axe industry (28). 

In eastern Asia the continental Villa- 
franchian is best known in northern 
China and in the southern foothills of 
the Himalayas (29). In northern China 
(30), the Pliocene, a period of dry sub- 
tropical-to-tropical climate with exten- 
sive lakes between stretches of desertic 
country, was terminated by diastrophic 
movements resulting in extensive ero- 
sion (Fenho erosion interval). These 
formerly widespread lakes were conse- 
quently displaced, and _ rejuvenated 
rivers and streams greatly enhanced 
their fluviatile activities. In the synclinal 
basins of Nihowan (Hopei), Taiku, 
and Ydshe (Shansi), to mention only 
the best known, this erosion surface 
underlies a torrential lacustrine series 
of basal conglomerates overlain by 
sands, marls, and clays (lower San- 
menian series); the clays include a 
plant bed with cool dry flora (Taiku 
basin), and the series is capped with 
sands and silts which yield a character- 
istic Asiatic Villafranchian fauna (3/). 
The entire series was tilted and is sep- 
arated unconformably (by the Huang- 
shui erosion interval) from the early 
middle Pleistocene red loams (upper 
Sanmenian series). No evidence of 
hominid fossils or of tool-making ac- 
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tivities have been recorded from the 
earlier, Villafranchian, beds. The first 
evidence of hominid occupation is re- 
vealed at locality 13, Choukoutien, cor- 
relative with the upper Sanmenian series 
on faunal grounds, which has yielded a 
single small chert chopping tool but no 
human skeletal remains. 

The entire Pliocene and lower Pleis- 
tocene succession is magnificently rep- 
resented in sub-Himalayan northwest 
India, both in the Potwar region (Pun- 
jab) to the northwest and the Siwalik 
Hills to the east (32, 33). The Pliocene, 
exposed in the middle Siwaliks series, 
is represented by fresh-water sandstones 
and shales, 6500 to 10,000 feet in 
thickness, deposited under tropical to 
subtropical climates trending toward 
increased aridity. The entire series was 
tilted during a major phase of moun- 
tain building followed by an interval of 
severe erosion at the end of the Plio- 
cene, These movements, either through 
the development of anticlines or as a 
result of faulting, created a series of 
depressions trending northeast-southwest 
which were filled during the lower Pleis- 
tocene with great thicknesses of alluvial 
sediments (upper Siwaliks series) derived 
from the adjacent uplands. The earlier 
Tatrot zone of this series is character- 
ized by a thick (100-foot) basal con- 
glomerate overlain by nearly a thousand 
feet of coarse sandstone; interspersed 
silty or conglomeratic horizons contain 
a (still inadequately known) fauna 
which is characteristically Villafran- 
chian (34, 35). The overlying Pinjor 
zone, some 1000 to 1500 feet of lam- 
inated silts and sands, clearly distin- 
guished lithologically from the Tatrot 
zone, appears to have been deposited 
under warmer and more temperate con- 
ditions by _ sluggishly meandering 
streams, in contrast to the great alluvial 
activity that accompanied the deposi- 
tion of the preceding Tatrot. A rich 
Villafranchian fauna is represented in 
the Pinjor zone (34, 36). However, 
neither the Tatrot nor the Pinjor pro- 
vide hominid remains, nor is there 
evidence of stone tools testifying to 
hominid occupation. Such tools first 
appear, as the “Pre-Soan” (Punjab flake 
industry) chopper—chopping-tool assem- 
blage (33, 37), in the overlying boulder 
conglomerate, attributed to the second 
Himalayan glaciation, of early middle 
Pleistocene age. 

Discussion of the southeast Asia 
area of the Sunda shelf, an extension of 
the mainland in middle and later Pleis- 
tocene time, is less pertinent here be- 


cause of the extensive Pliocene sub- 
mergence. Only isolated mountain 
peaks were emergent along the southern 
(Zuider Mountains) and _ northern 
(Kendeng Hills) coasts in eastern Java, 
and some few uplands in the western 
region (38). A Villafranchian fauna is 
known from fresh-water sandstones and 
coarse conglomerates at several locali- 
ties where these overlie Pliocene marine 
beds (39). However, skeletal remains 
of two distinct hominids (Meganthro- 
pus, Homo modjokertensis) first appear 
only in the early middle Pleistocene 
(40). Sundaland, including Sumatra, 
Java, and Borneo, and much of the 
present ocean floor had become largely 
continental by that time as a result of 
further uplift and marine regression 
consequent upon continental glaciation 
in the Northern Hemisphere. There is 
no evidence to suggest hominid occu- 
pation of the Sunda shelf during the 
Villafranchian stage. 

The present evidence would appear 
to indicate that continental Eurasia was 
not occupied by hominids during the 
lower Pleistocene—that is, the Villa- 
franchian stage. The evidence is ad- 
mittedly and necessarily of a negative 
nature, and further field investigations, 
particularly in the sub-Himalayan Siwa- 
liks, are sorely needed. The important 
fact is that the available evidence does 
not bear out the opinions of certain 
earlier workers (4/) that Asia, or cen- 
tral Asia in particular, was a primary 
center for hominid (or higher primate) 
origin and dispersal. Such a conclusion 
is contradicted not only by our under- 
standing of higher primate relationships, 
based on comparative anatomical and 
paleontological studies, but also by bio- 
geographical and _ paleogeographical 
conditions. On the other hand, a variety 
of evidence shows that the Villafran- 
chian stage in Africa was crucial in the 
earlier phases of hominid evolution. 


African Villafranchian 


Mediterranean Africa. Several lower 
Pleistocene localities with Villafran- 
chian faunas are known in northwestern 
Africa (42) (Fig. 2). One of the best 
stratified localities is Fouarat (near Port 
Lyautey, Morocco), along the southern 
border of the Rharb plain. A Villa- 
franchian fauna is present here in coarse 
sands and sandstones representing a 
littoral facies of a Calabrian gulf which 
in places filled depressions in Pliocene 
marine sediments (43). Hominid occu- 
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pation of the area is perhaps first re- 
corded at a slightly later stage, probably 
corresponding to the regressive Emilian. 
Flaked pebbles, thought by some to 
represent primitive pebble tools, have 
been collected from the Arbaoua con- 
glomerates, of basal Pleistocene age 
(44). These deposits, like the reddened 
Marmora sandy loams, mantle this re- 
gion and (broadly) represent the con- 
tinental equivalent of the Calabrian 
(Maghrebian) transgression (45). 
However, the artificial nature of the 
specimens is difficult to confirm when 
they are discovered in this gravel con- 
text. 

The Villafranchian fauna of North 
Africa is more adequately known in 
Tunisia (Garaet Ichkeul), and _par- 
ticularly from old lake basins in north- 
ern Algeria (Bel Hacel; St. Arnaud). 
The base of Lake Ichkeul (near Ferry- 
ville) comprises southerly tilted deep- 
water Plaisancian and lagoonal Astian 
marine sediments which are overlain by 
fresh-water lake beds of basal Pleisto- 
cene age. The lower sands and gravels 
of the latter, separated from the Plio- 
cene sediments by a thin conglomerate, 
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are richly fossiliferous (46); a mild 
temperate flora, but with substantial 
boreal elements, occurs in intercalated, 
more or less sandy, clays (47). How- 
ever, the full succession at Ichkeul is 
still poorly known, and the faunal as- 
semblage is incomplete, since the beds 
are only partially exposed during times 
of low water, on the northern foreshore 
of the present lake. At Bel Hacel (48) 
emergent dune sandstones, which con- 
cordantly overlie transgressive Plaisan- 
cian-Astian sediments, are eroded and 
filled with alluvial, weathered and red- 
dened, conglomerates which contain 
terrestrial and fresh-water molluscs and 
a Villafranchian fauna. The more than 
100-meter-high Sicilian beach rests 
horizontally and unconformably on the 
tilted and compressed series. 

On the Constantine-Setifian plateau 
near St. Arnaud the earlier Pleistocene 
is exposed in deep ravines dissecting 
thick marls and other calcareous clayey 
sediments, with intercalated gravel and 
conglomeratic horizons, which fill old 
marshy or lacustrine depressions. In 
the Oued Boucherit (49), two horizons, 
separated by a meter of sterile brown 


clay, contain a Villafranchian mammal 
fauna. The lower horizon (Ain Bou- 
cherit) is a coarse calcareous conglom- 
erate, and the upper horizon (Ain 
Hanech), a cracked clay, rather sandy 
or with light gravels at the base. A 
quantity of undoubtedly primitive stone 
implements have been recovered here, 
largely from the upper horizon (50). 
These specimens (Fig. 3) are fashioned 
from naturally worn dolomitic lime- 
stone pebbles, exhibiting fresh, concave 
flaking scars and ranging in size from 
that of a tangerine to that of a good- 
sized orange. They are either battered 
over most of the surface to a multi- 
faceted polyhedral form (boules) or are 
flaked along a margin unilaterally or 
bilaterally to produce an_ irregular 
sinuous edge characteristic of choppers 
or chopping tools. Unfortunately, the 
Ain Hanech site has been worked only 
briefly, since both political circum- 
stances and the proximity of a Moslem 
cemetery have prevented extensive ex- 
cavations. 

No hominid skeletal remains have yet 
come to light in the formations of the 
North African Villafranchian. There 
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is unquestionable evidence of hominid 
occupation of this region during the 
terminal phases of the Villafranchian, 
and a site such as Ain Hanech might 
one day provide fossilized remains of 
the creatures themselves. 

Sub-Saharan Africa. The central Afri- 
can Pleistocene was initiated by pro- 
longed and extensive uplift, 1000 to 
1500 feet at least, accompanied by 
downwarping in adjacent areas and by 
fracturing along ancient troughs. Ex- 
traordinary volcanic explosions, espe- 
cially of tuffs and ashes, also took place 
along the eastern Rift Valley. As a 
consequence, the mid-Tertiary surface 
of erosion, whose relief was relatively 
gentle even during the end-Tertiary 
phases of valley incision, was severely 
deformed, and drainage systems were 
disrupted and even reversed (5/, 52). 
Extraordinary depths of lacustrine de- 
posits and subaerial, partially volcanic- 
derived, sediments were accumulated. 
These are particularly well preserved 
in the western (Albertine) and eastern 
(Gregory) rift valleys and represent 
good exposures of the continental Villa- 
franchian (Fig. 4). 

The Villafranchian, with an overlying 
middle Pleistocene series (Rawe beds), 
is also represented along the southern 
shores of a minor rift valley trending 
east-west, now Kavirondo Gulf, an east- 
ern embayment of Lake Victoria (53). 
At Kanam, along the north and north- 
east slopes of the extinct volcano which 
forms Homa mountain, a great thick- 
ness (more than 100 feet) of lacustrine 
brown clays, with intercalated fine, lam- 
inated stony tuffs from intermittent 
volcanic explosions, have provided a 
good Villafranchian assemblage. A few 
pebble tools have also been recovered 
from such horizons. A small fragment 
of a hominid mandible is also known 
(54); although it was once believed to 
date back to the lower Pleistocene, it 
is now known to be of considerably 
more recent age. 

In the Albertine rift valley an ex- 
tensive lake existed in the basal Pleis- 
tocene, as indicated by the massive (at 
least 1500 to 2100 feet, to judge from 
borings) tilted and contorted beds of 
the Kaiso series (55). These are par- 
ticularly well exposed along the margins 
of Lake Albert and its southern tribu- 
tary, the Semliki River, as well as along 
the northern shores of Lake Edward 
(56) and in the region south of the 
latter adjacent to the volcanic highlands 
north of Lake Kivu. The beds seem to 
attain their maximum exposed thickness 
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in the southerly reaches of Lake Albert 
and at the adjacent mouth of the Sem- 
liki valley; thinner exposures in the 
upper Semliki and the northern reaches 
of Lake Edward may merely reflect 
earlier, more prolonged and _ intense 
subsidence of the rift floor in this 
region. 

The Kaiso series is complex, and 
three main stages of sedimentation have 
been distinguished (57). Only the basal 
stages are generally regarded as lower 
Pleistocene; the upper stage is thought 
to be earlier middle Pleistocene. The 
lower stage (100 to 120 feet thick in 
the northern reaches of the valley) is 
largely silty, with some minor gravel 
horizons. In some localities this stage is 
found to overlie a basal ironstone hori- 
zon capped by unstratified sands; the 
ironstone seems to represent a laterite 
capping the down-faulted peneplain 
surface and provides an important 
datum point. This earlier stage is essen- 
tially nonfossiliferous. The middle stage 
(300 to 600 feet thick in the lower 
reaches of the valley) is predominantly 
clayey, with selenite evaporites and 
zones of gypsum. It is characterized by 
fine sands and sandstones and by dis- 
continuous ironstone horizons and 
limonite lenses thought to represent 
desiccated pools. These horizons oc- 
casionally provide silicified wood and 
have yielded a typical, though small (13 


species), Villafranchian mammal fauna. 
Several such ironstone “bone-beds” ap- 
pear to be present, though they are 
restricted largely to the middle Kaiso 
stage (58). However, another, perhaps 
lower, bed is also present in the lower 
Semliki valley. The site of Kanyatsi 
(59), along the northern shore of Lake 
Edward just east of the Semliki out- 
flow, has yielded traces of worked stone 
implements adjacent to an ancient sub- 
aerial soil horizon within the middle 
Kaiso stage. The specimens represent 
fresh flakes of quartz and quartzite, 
but the cores from which these were 
struck are apparently absent, and no 
pebble choppers or chopping tools have 
yet been found. 

The central region of the Gregory 
rift valley has failed to provide certain 
evidence of lower Pleistocene forma- 
tions; this is perhaps because there was 
extensive uplift during the later Pleis- 
tocene, or because there was relatively 
little deposition but considerable vol- 
canic activity. The northern and south- 
ern reaches of the valley do afford such 
exposures. The tilted and step-faulted 
beds of the Omo series, just north and 
northwest of Lake Rudolph, testify to 
an ancient and extensive lower Pleisto- 
cene lake. A rich Villafranchian fauna 
occurs in extraordinary profusion in 
sandstone horizons intercalated in a 
massive succession of lacustrine vol- 





Fig. 3. Pre-Chelles-Acheul implements from the site of Ain Hanech (Algeria). (x “%) 


[Courtesy C. Arambourg] 
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canic clayey tuffs (60). Neither hominid 
skeletal remains nor primitive stone im- 
plements have been recovered from the 


Omo series, which, since their dis- 
covery by the Bourg de Bozas expedi- 
tion in 1902-1903, have only been 
worked during one relatively brief field 
season. Further investigations in this 
most inaccessible region are surely 
warranted, especially since this year I 
recovered Pre-Chelles-Acheul artifacts 
from the eroded sandstones. 

In the southern reaches of this rift 
valley the lower Pleistocene is exposed 
along the tributary Eyasi trough and 
the adjacent region to the west of the 
Crater Highlands. At Olduvai Gorge 
(61), which extends from Lake Lagar- 
ja on the Serengeti plains some thirty- 
five miles to the western boundary 
faults of the Balbal depression, the 
magnificent lacustrine series of the 
middle Pleistocene is underlain by a 
flow of olivine basalt, which buries or 
obscures earlier horizons. Slightly to 
the south, in the Vogel river region on 
the northwest escarpment high above 
the Eyasi graben, are the Laetolil beds, 
a series of upfaulted subaerially de- 
posited tuffs (62). These appear to be 
earlier than, as well as in part con- 
temporaneous with, the Olduvai series. 
The upper Laetolil beds have yielded a 
rich Villafranchian assemblage of mam- 
mals, including some microfauna (63). 
The lowest horizons are also fossilif- 
erous, but the fauna is very poorly 
known. Pebble tools and a hominid 
maxilla fragment (64), the latter be- 
lieved to resemble the australopithecine 
(Australopithecus) (65), attributed to 
these beds may in fact be of later 
Pleistocene age. The basal bed (Bed I) 
at Olduvai Gorge is now known to con- 
tain a Villafranchian faunal assemblage 
comparable to that from Omo rather 
than of middle Pleistocene affinity. Pre- 
Chelles-Acheul stone implements of the 
Oldowan industry were first found here 
nearly 30 years ago. In July Dr. and 
Mrs. L. S. B. Leakey recovered a beau- 
tifully preserved skull of a new form of 
australopithecine from this bed in asso- 
ciation with an occupation surface rich 
in such artifacts and with the bones of 
small game taken by this creature (an- 
nounced at the 4th Pan-African Con- 
gress on Prehistory, Leopoldville, Au- 
gust 1959). 

Central and eastern Africa afford 
some of the richest Villafranchian fau- 
nal localities in the world, coupled with 
an excellent Pleistocene succession. The 
faunas from these sites differ somewhat 
in composition, that from the Laetolil 
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beds being probably the youngest, over- 
lapping basal Olduvai, and that from 
Kaiso being perhaps the oldest. The 
Omo fauna overlaps both Laetolil and 
Kaiso, and that from Kanam is prob- 
ably broadly equivalent (52, 66). As 
yet it is impossible to determine the 
magnitude of the climatic change that 
occurred during the Villafranchian of 
central Africa because of the effects of 
tectonics in this unstable region. At 
present only a broad block correlation 
with other areas of the Old World, on 
the basis of faunal content, can be 
made. Future detailed investigations of 
the sediments in these basins, partic- 
ularly of nonsequences and old soil 
horizons, coupled with palynological 
research, promise to throw some light 
on this problem. 

At three such localities, Kanyatsi 
(Lake Edward), Kanam (Kavirondo, 
Kenya), and Olduvai Gorge, there is 
clear evidence of hominids, sometimes 
in the form of skeletal remains and, in 
all cases, in the form of deliberately 
fashioned stone tools. Few open habita- 
tion sites of the hominids themselves 
have yet come to light; however, this is 
largely a result of too little field work 
in difficult regions. There is every indi- 
cation that such sites will be forthcom- 
ing in the future with concentrated 
work by prehistorians and Pleistocene 
geologists. Very complete evidence of 
such early hominid forms, including 
abundant skeletal remains, is afforded 
by the australopithecines of southern 
Africa (67). 


Australopithecine Sites 


The australopithecines now rank 
among the most numerous and best 
known of all Pleistocene hominids. 
Usually classified as a distinctive sub- 
family (Australopithecinae) (68) of 
the Hominidae, but quite probably rep- 
resenting merely a _ distinct genus, 
Australopithecus (69), the group con- 
tains two probably subgenerically dis- 
tinct forms, (Australopithecus) and 
(Paranthropus). On the basis of the 
associated faunal assemblages, it ap- 
pears that the australopithecines are all 
probably late Villafranchian (70); how- 
ever, there is a possibility that the 
younger form (Paranthropus) may 
have persisted into the early middle 
Pleistocene (7/). 

Australopithecines are known from 
five sites at three localities (Fig. 5) in 
southern Africa (72). With one excep- 
tion (Taungs) they occur in fossilifer- 


ous breccia, composed of calcite- 
cemented dolomite soil, which infills 
former caves, formed by solution or 
subsidence along ancient fracture 
planes in dolomitic limestones of the 
Transvaal system. Studies of the mode 
of formation and the sequence of in- 
fillings of these caverns has demon- 
strated the significance of the degree 
of communication of the cavern with 
the outside in the accumulation of sedi- 
ments (73). Travertines and interca- 
lated bands of thin gray marly breccia, 
representing residual calcified material 
from dissolution of the dolomite, ac- 
cumulate prior to the formation of any 
substantial opening to the surface. Sub- 
sequently, as the opening becomes pro- 
gressively enlarged, surface-derived ma- 
terial collects in sufficient quantity to 
represent a state of equilibrium with 
outside conditions. Such breccia accu- 
mulations may serve as climatic indi- 
cators, through analysis of the sand 
fractions of breccia residues, minus the 
carbonate cement derived from roof 
drip, and comparison with modern dolo- 
mite soils in regions of differing rain- 
fall in southern Africa. Very satisfac- 
tory results have been thus achieved 
for the Sterkfontein, Swartkrans, and 
Kromdraai (site A) sites; the method 
is not directly applicable to the Lime- 
works Cave site, Makapansgat, where 
alluviation or slope-wash, in the higher 
levels, are complicating factors. In gen- 
eral, the climate appears to have been 
somewhat drier in this region when 
(Australopithecus) lived and somewhat, 
or even considerably, wetter when 
(Paranthropus) lived than it is now. 
Brain (73) refers the three older Trans- 
vaal_ sites (Sterkfontein, Limeworks, 
Swartkrans) to a major dry interpluvial 
stage (with at least three separate 
peaks) and the youngest site, Krom- 
draai, to a succeeding, wetter pluvial 
stage. 

The Taungs site, long since destroyed 
by quarrying activities, was a cave 
formed by solution in the capping cara- 
pace of a massive basal Pleistocene 
travertine banked up against a dolo- 
mite limestone cliff (Campbell Rand 
series) (74). The filling of the cavity 
was calcified sandy breccia overlain by 
contaminated travertine with sandy 
lenses from which the type australo- 
pithecine remains were most probably 
recovered. 

The fauna associated with the aus- 
tralopithecines is not only varied but 
differs from site to site. In general it 
comprises other primates (both rare 
monkeys and abundant baboons), nu- 
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merous rodents, insectivores, hyracoids, 
lagomorphs, numerous carnivores, in- 
cluding hyaenids and sabretooths, suids, 
an extinct sivathere, equids, and numer- 
ous antelopes. The following frequen- 
cies were obtained from counts of over 
7000 bone fragments, out of a much 
larger number, from remnants of the 
gray marly breccia at Limeworks Cave 
(75, 76): 92 percent, antelope (293 
individuals; more than two-thirds medi- 
um to small, the remainder large or 
very small varieties); 4 percent, other 
ungulates (four zebras, six chalico- 
theres, five rhinoceroses, one hippopota- 
mus, 20 pigs, six giraffids); 1.6 percent, 
carnivores (17 hyenas, one leopard, one 
jackal, one wild dog, one sabretooth, 
and nine other small and medium 
species); 1.7 percent, baboons (45 in- 
dividuals), rare rodents (hares and 
porcupines), and very rare birds and 
reptiles (tortoise, water turtle). Five 
australopithecine individuals represent 
only 0.26 percent of the total assem- 
blage. 

The various segments of the skeleton 
are very unequally represented at this 
site. The frequency of cranial fragments 
is particularly high among the nonbovid 
ungulates (88 percent), the carnivores 
(75 percent), the rodents (100 per- 
cent), and the primates, including the 
australopithecines (95 percent). The 
proportions are lower (34 percent) 
among the antelopes (of all sizes), and 
there are interesting differences in fre- 
quencies of antelope postcranial ele- 
ments: cervical vertebrae (7 percent), 
other vertebrae (5 percent), ribs, and 
so on (5 percent), scapulae (9 per- 
cent), innominates (8 percent), fore- 
limbs (37 percent), hindlimbs (20 per- 
cent), feet (6 percent) (these figures 
do not apply to very small antelopes, 
which are represented exclusively by 
cranial elements). 

Any consideration of the diet and 
life habits of the australopithecines 
must take into account the associated 
fauna and frequencies of preserved 
skeletal segments. Hence, such figures 
are important and are much needed 
from the other sites. Several possibilities 
exist as to the manner in which the 
australopithecines and the associated 
fauna came to be incorporated into the 
breccias. The sites might have been (i) 
natural crevices into which animals fell; 
(ii) crevices into which bone accumu- 
lations were swept by natural agencies; 
(iii) carnivore lairs into which prey or 
scavenged carcasses were carried; (iv) 
rubbish heaps; or (v) actual occupation 
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sites of the australopithecines. There is 
no evidence at any of the sites to sup- 
port (i) or (ii), although the gravelly 
breccia at Limeworks Cave was partly 
fluviatile in origin; there is also evi- 
dence of stratification in the upper 
brownish breccia at Swartkrans, prob- 
ably due to deposition in isolated pools 
but certainly not the consequence of 
stream activity. It will always be diffi- 
cult to decide between (iv) and (v), 
but the important and still unsettled 
question is whether the sites were occu- 
pied and the bones were accumulated 
by carnivores, in particular sabretooths 
or hyenas, or both, or by carnivorous 
australopithecines. 

It is necessary to bear in mind that 
these sites are known because of com- 
mercial lime-quarrying activities. In 
most cases such efforts were directed 
toward the basal travertines, formed 
largely when the caves were still solu- 
tion cavities. In the case of Taungs the 
cave was discovered as a consequence 
of such mining in the massive cliff- 
forming travertines at Buxton, in one 
of which the cave happened to be situ- 
ated. All the fossil mammals at the 
Limeworks Cave, Makapansgat, have 
been obtained by sorting through the 
extensive dump heaps left behind by the 
miners. Only in the case of Swartkrans 
(77) (in part) and some of the ex- 
cavations at Sterkfontein have investi- 
gations been carried out which would 
permit some comprehension of the fos- 
siliferous breccias as they existed in 
situ. However, the extreme consolida- 
tion of the fossil cave earths, a conse- 
quence of calcareous cementation, ne- 
cessitates the use of explosives, so results 
are definitely limited with respect to 
details of the pattern of association and 
the arrangements of bones in the de- 
posits. In the present state of knowledge 
it is indeed doubtful if the matter can 
be definitely settled until a new site can 
be excavated, with every attempt made 
not to disturb the stratigraphy and 
fossil associations. 

Dart (75, 78) has repeatedly main- 
tained that the extraordinary accumu- 
lations of mammalian skeletal remains 
in the fossiliferous breccias are a direct 
consequence of the predatory and car- 
nivorous habits of australopithecines. 
Such remains represent in his opinion 
not only slaughtered prey but also 
scavenged carnivore kills; many of the 
bones were useful as tools and weapons 
for pounding, cleaving, scraping, stab- 
bing, and slicing. On the basis of the 
preserved remains inventoried at Lime- 





works Cave, specialized functions have 
been attributed to specific bones and 
portions of animal skeletons that were 
put to use by those “flesh-eating, skull- 
cracking and bone-breaking, cave-dwell- 
ing apes.” 

There are in fact two distinct issues 
involved here. The question as to 
whether the bones were employed as 
implements and weapons by australo- 
pithecines presupposes that these crea- 
tures were carnivorous and were there- 
fore responsible for the fossiliferous 
accumulations. The use of these bones 
is extremely difficult to verify, since 
none of the sites yield any trace of 
specimens which have been deliberately 
worked or shaped. There is no doubt 
that the jaws and teeth, horns, and 
shattered or damaged limb bones which 
Dart attributes to an “osteodontokeratic 
culture” might be employed in the 
fashions he has so exhaustively and 
imaginatively outlined. However, as in 
the case of the so-called “bone and 
antler industry” from the Choukoutien 
locality in northern China, attributed 
by Breuil (79) to the middle Pleistocene 
hominid found there, this is extremely 
difficult to confirm scientifically, even 
though both claims may prove entirely 
valid. 

The question of the carnivorous habits 
of australopithecines is a separate mat- 
ter and one which should be resolved 
from existing evidence. The parts and 
proportions of the animal skeletons pre- 
served do coincide closely with remains 
at carnivore kill sites in the open, even 
after the usual scavengers have been at 
work (80). Moreover, although con- 
trary claims have been made (8/), 
both brown and spotted hyenas may 
eat and accumulate bones in and about 
their lairs, at least at times (82). None- 
theless, this possibility does not account 
for the enormous concentration of 
bones at the sites. Also, there are dis- 
crepancies between the proportion of 
cranial and postcranial elements of the 
antelopes compared with the other 
ungulates, the carnivores, and the pri- 
mates. 

Two main points are important in 
connection with the dietary habits of 
these creatures: (i) the evidence from 
Taungs, Sterkfontein, and Limeworks 
Cave of baboon skulls bearing evident 
signs of localized depressed or radiating 
fractures, smashed-in walls or tops of 
the cranial vault, openings in the vault 
or base, and twisted facial skeletons all 
testify to predatory activities which are 
those of a hominid rather than any 
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hyaenid or felid carnivore; and (ii) the 
substantial quantity of various antelope 
and other long bones which are not 
only broken and smashed but also split 
longitudinally, and which usually fail 
to reveal any traces of carnivore gnaw- 
ing, is further testimony to hominid 
habits. 

Such evidence has been convincing 
not only to me, but also to other work- 
ers (83) who have examined the speci- 
mens in question. Moreover, it seems 
very likely, on the basis of the Taung 
evidence, that eggs, crabs, turtles, birds, 
rodents, and smaller antelopes were a 
not insubstantial part of australopithe- 
cine diet. The former such items are 
easily collected, and it is not particularly 
difficult to kill members of the other 
species of smaller mammals. The aus- 
tralopithecines were very probably car- 
nivorous predators as well as scavengers 
of the kills of other carnivores (of 
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which there was then an abundance of 
forms long since extinct). The marked 
disproportion between the bovid and 
nonbovid ungulates and the relatively 
few carnivores in the Limeworks Cave 
inventory may merely be a reflection 
of this latter fact and of the limited 
hunting capabilities of such creatures. 
Such a conclusion does not preclude 
the possibility that carnivores also, at 
least periodically, occupied such sites 
and contributed to the bone accumula- 
tions. This can hardly be denied until 
careful excavations have been carried 
out which prove the situation to have 
been otherwise. 

Until recently none of the australo- 
pithecine sites were known to contain 
artifacts. Consequently, many workers 
asserted that such primitive creatures, 
although admittedly hominids, were in- 
capable of making, and perhaps even 
of using, tools. Quite possibly this lack 
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of stone implements has also convinced 
some workers that bone, horn, and 
teeth of other animals were used by 
australopithecines as weapons and im- 
plements. A few split and flaked dolo- 
mite pebbles from the calcified stony 
and sandy fluviatile horizon which over- 
lies the pink and gray breccias at Lime- 
works Cave (84) suggest but do not 
afford conclusive proof of tool-making 
activities. However, there is no doubt 
about the validity of the implements 
(Fig. 6), referred to a_pebble-tool 
(Pre-Chelles-Acheul) industry, recov- 
ered recently from the Sterkfontein 
locality (85). The specimens derive 
from a reddish-brown breccia at the 
extension site first thought to be broadly 
contemporary with the basal pink aus- 
tralopithecine-bearing breccia of the 
type site. Robinson’s (86) more recent 
investigations indicate, however, that 
these breccias are separated unconform- 
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ably, as a consequence of subsidence, 
and that the latter pink breccia under- 
lies the reddish-brown breccia of the 
extension site. The latter contains the 
foreign and worked stones as well as 
some fauna (including Equus, absent 
in the type site basal pink breccia) and 
some remains (isolated permanent teeth, 
a juvenile maxilla fragment with several 
teeth) referred to Australopithecus. 

The specimens recovered from Sterk- 
fontein include pebble- and _ core- 
choppers (8), a chopper-hammerstone 
(1), and rough retouched end-struck 
flakes (2). Quartz, quartzite, chert, and 
diabase pebbles foreign to the deposit 
were also found; about half (24) of 
these were plain, and the other half 
(23) exhibited evidence of fracture 
from use. The small flakes struck from 
the choppers and cores are missing and 
indicate that the specimens were col- 
lected and worked elsewhere, near 
streams where raw material was avail- 
able, prior to being carried to the site 
for use. Some of the specimens show 
extensive battering rather than careful 
flake removal, suggesting either hard 
use or, according to J. D. Clark (87), 
poor workmanship. The implements are 
fresh and unweathered and cannot have 
been washed in from the outside, since 
the breccias must have accumulated 
under an overhanging roof, and since 
the breccias fail to reveal such con- 
ditions of deposition. The artifacts 
seem to be concentrated at the western 
end of the site near the original en- 
trance to the cave and were undoubtedly 
left behind by the hominids who oc- 
cupied this end of the cavern. 

The recovery of pebble tools in as- 
sociation with australopithecines is a 
momentous discovery. There now seems 
little doubt that these primitive crea- 
tures were already capable of using and 
manufacturing implements of stone and, 
presumably, of other nonpreserved ma- 
terials as well. The extraordinary con- 
centration of other mammalian bones 
would indicate that these creatures were 
capable of killing the moderate- and 
smaller-sized species; probably they also 
scavenged carnivore kills. There is no 
indication that they had the ability, the 
equipment, or the organization neces- 
sary for killing very large mammals, 
in contrast to middle Pleistocene peo- 
ples. Such carnivorous habits would 
have required some sharpened stone 
implements, such as flakes and chopping 
tools, for cutting open the hide of kills 
to obtain meat. There is no trace of the 
use of fire at this early time. 

Clark (87) has recently suggested 


840 





that the availability of water in the cave 
systems may have been an important 
factor in their having been occupied. 
Except for small and seasonally dry 
streams, cave and fissure systems, and 
springs related to them, provide the best 
source of water in such limestone coun- 
try. Such sources of water would have 
attracted game and australopithecines 
alike and would have provided ideal 
conditions for the latter to prey on ante- 
lopes, pigs, baboons, and other animals 
which came to drink there. This also 
readily accounts for the profusion of 
animal bones accumulated in the cave 
and for the presence of implements 
necessary to butcher the slaughtered 
game. 


Australopithecine Morphology 


Hominids and pongids (apes) are 
generally regarded as closely related 
higher primate groups (hominoids). 
There are obvious and significant mor- 
phological and behavioral differences 
between the living representatives of 
the two families. Acceptance of the 
fact of evolution and the reality of 
such close affinity indicates, however, 
that such divergences were fewer and 
less sharply delineated in the remote 
past. The primary adaptation of the 
hominid radiation required transfor- 
mation of the locomotor skeleton to 
permit fully upright posture and an effi- 
cient bipedal gait (88). This mode 
of terrestrial locomotion contrasts 
markedly with the arboreal or terrestrial 
quadrupedalism of the lower catarrhine 
monkeys or with the arboreal brachiation 
of the pongids, coupled, in the larger 
pongine (anthropoid ape) species, with 
semipronograde quadrupedalism. This 
basic locomotor adaptation of the 
hominids was doubtless preadaptive for 
subsequent evolutionary changes which 
affected" the skull—reduction of the 
facial skeleton and extraordinary en- 
largement of the cerebral hemispheres 
and cranial vault. The latter has been 
linked with enhanced cultural capacities, 
although the manifold interrelationships 
between structure and function, and 
their behavioral significance, are still 
very largely obscure. 

The pelves of four australopithecine 
individuals are now known. Three rep- 
resent (Australopithecus) and were 
found at Limeworks Cave (89) and 
Sterkfontein (90) (at the latter site, 
much of an associated vertebral column 
was also found); (Paranthropus) is 
represented by one incomplete innomi- 





nate bone from Swartkrans (9/). These 
fortunate discoveries demonstrate con- 
clusively that the pelvic structure of 
these creatures was that characteristic 
of primitive bipedal hominids. They also 
greatly add to our understanding of the 
hominid locomotor transformation, 
which involved a complex of interre- 
lated structural modifications. These 
constituted a basic reorientation of the 
pelvis in relation to the trunk, interre- 
lated changes which permitted an erect 
trunk and full extension of the lower 
limbs in stable upright posture (and in 
the female, maintenance of the bony 
birth canal). 

Such changes involve (i) expansion 
of the iliac blade, especially the auricu- 
lar area, coupled with sacral rotation 
and accentuated lumbar lordosis; (ii) 
shortening and anterior rotation or 
“twisting” of the ilium, with attendant 
development of a sigmoid curvature of 
the iliac crest; (iii) thickening of the 
outer bony table above the acetabulum 
(to aid in balance and weight support) ; 
(iv) development of an iliac cristal 
tubercle, in line with the strengthened 
supra-acetabular region (related to 
differentiation and expansion of the ilio- 
tibial tract as an aid in stabilization of 
the hip and knee joints in standing and 
walking erect); (v) enlargement and 
approximation to the acetabulum of 
the anterior inferior iliac spine (related 
to the size of the straight head of the 
rectus femoris muscle, as part of the 
general enlargement of the quadriceps 
femoris muscle group in bipeds); (vi) 
shortening of the ischium and altered 
form of the ischial tuberosity (the full 
significance of this is obscure, but it is 
apparently related to the position of the 
extensor, or hamstring muscle, lever 
arm); (vii) enlargement and displace- 
ment of the gluteus maximus muscle as 
a powerful extensor (rather than a 
lateral rotator as in apes and monkeys); 
and (viii) altered function of gluteus 
medius (and minimus) muscles as ab- 
ductors (to maintain lateral stability in 
walking erect). 

There are accompanying interrelated 
modifications in the proximal head of 
the femur. These include: (i) enlarge- 
ment of the femoral head; (ii) develop- 
ment of the lesser trochanter (related 
to an altered disposition of the psoas 
major muscle); (iii) development of the 
anterior segment of the greater tro- 
chanter and the intertrochanteric line 
(related to the attachment of the Y- 
shaped ligament of Bigelow and the 
joint capsule); (iv) development of the 
linea aspera; (v) shift of gluteus maxi- 


SCIENCE VOL. 130 








mus 
inse 
add 
vasi 
red 


end 
uity 
the 
of | 
lars 
apr 
ent 
ort! 


cha 
ap 
lim 
(9: 
difl 


mc 
uni 
Ple 
cin 
tal 
un 


au 
ini 
de 
th 
di: 
(ii 








‘hese 
con- 
e OF 
ristic 
also 
f the 
tion, 
erre- 
‘hese 
f the 
erre- 
erect 
ower 
id in 
bony 


Msion 
ricu- 
ation 
(ii) 
1 or 
dant 
re of 
f the 
ulum 
ort); 
ristal 
ened 
| to 
 ilio- 
mn of 
r and 
and 
n of 
lated 
f the 
f the 
iceps 
(vi) 
tered 
> full 
ts 
f the 
lever 
lace- 
‘le as 
an a 
eys); 
uteus 
s ab- 
ity in 


lated 
id of 
large- 
elop- 
lated 
psoas 
»f the 

tro- 
- line 
ie Y- 
1 the 
yf the 
maxi- 


L. 130 











mus to a posterior rather than a lateral 
insertion, as in apes, in the place of 
adductor minimus and expansion of 
vastus intermedius; and (vi) notable 
reduction of the quadratus femoris 
muscle. Other modifications of the distal 
end of the femur, including the obliq- 
uity of the shaft, the marked depth of 
the patellar surface, the configuration 
of the intercondylar notch, and the en- 
largement of the lateral condyle, were 
apparently associated in large part with 
enhanced stability of the knee joint in 
orthograde progression. 

The basic morphological pattern 
characteristic of hominid bipedalism is 
apparent in the australopithecine lower 
limb skeleton so far as it is known 
(92). There are a number of minor 
differences—for example, in the form 
of the ischial region—from the pelvic 
morphology of Homo sapiens, a not 
unexpected finding in a primitive lower 
Pleistocene hominid. The australopithe- 
cine lower leg and foot, except for a 
talus of (Paranthropus), is still largely 
unknown. 

The morphological pattern of the 
australopithecine dentition is also hom- 
inid rather than pongid (93). In the 
deciduous dentition this is evident in (i) 
the evenly curved dental arch, lacking 
diastemata; (ii) the small milk incisors; 
(iii) the small, nonprojecting spatulate 
milk canines; (iv) the quadricuspid 
upper first milk molar; (v) the non- 
sectorial, quinticuspid lower first milk 
molar with well-developed anterior 
fovea and cusps of approximately equal 
height. In the permanent dentition this 
is evident in (i) the evenly curved 
(parabolic) dental arch; (ii) the small 
incisors; (iii) the small, nonprojecting 
spatulate canines, lacking a talonid and 
with the internal cingulum forming a 
basal tubercle; (iv) the double-rooted 
upper first premolar; (v) the non- 
sectorial, bicuspid lower first premolar; 
and (vi) the replacement sequence, in 
which both the permanent canine and 
medial incisor tend to erupt relatively 
early. 

The related structure of the facial 
skeleton is also primitively hominid, 
and this is paralleled in a number of 
structural details of the cranial base 
and the occiput. The brain, in propor- 
tion to body size, in certain aspects of 
its form and proportions, and in its 
tendency toward delayed maturation, 
approaches a primitive hominid rather 
than a pongid condition. 

There are consistent morphological 
distinctions between the earlier form 
(Australopithecus) and the younger 
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form (Paranthropus) (94). These are 
evident not only in the deciduous and 
permanent dentitions and the facial 
skeleton but also in the structure of the 
cranial base and vault, as well as in the 
known portions of the postcranial skele- 
ton. (Australopithecus) was a small, 
gracile bipedal creature, weighing cer- 
tainly no more than 75 to 85 pounds 
in the larger males. (Paranthropus), 
on the other hand, was a far more 


robust and massive creature of probably 
half again that body weight. Such, 
probably subgeneric, differences indi- 
cate a pronounced bifurcation within a 
primary australopithecine radiation, at 
least in the basal Villafranchian and 
possibly even in the later Pliocene. 
Unfortunately the general absence of 
fossiliferous Pliocene horizons in sub- 
Saharan Africa has thwarted investi- 
gation of the earlier evolutionary phases 





Fig. 6. Pre-Chelles-Acheul implements from the australopithecine-bearing breccias at 
Sterkfontein (Transvaal). [After J. T. Robinson and R. J. Mason, 85] 
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and primitive hominoid antecedents of 
the australopithecine group. 

At  Swartkrans another distinct 
hominid, designated Telanthropus, is 
found in direct association with the aus- 
tralopithecine (Paranthropus) (95). 
This form, which is still only very in- 
adequately known, differs markedly 
from (Paranthropus) in dental and 
mandibular morphology and in certain 
features of the maxilla (in particular 
in the structure of the nasal floor). In 
all such characteristics, some of which 
reveal some resemblances to the earlier 
australopithecine (Australopithecus), 
this hominid is further evolved morpho- 
logically than any known australopithe- 
cine and approaches therefore the phy- 
logenetic status of certain earlier middle 
Pleistocene forms attributed to the 
genus Homo. The full implications of 
this conclusion cannot be properly 
evaluated until additional, more com- 
plete specimens have been discovered. 





Tertiary Hominoids and 
Villafranchian Hominids 


It is significant that the African Villa- 
franchian hominids differ considerably 
in morphology from later Tertiary 
hominoids of eastern Africa and Eur- 
asia. Four hominoid genera are recog- 
nized from the earlier Miocene of 
eastern Africa, three and possibly four 
genera (96) are recognized from the 
middle and late Miocene and the lower 
Pliocene of peri-Alpine Europe, and 
four genera are recognized from the 
(upper) lower and middle Siwaliks of 
Asia (Fig. 7). 

In both Africa and Europe primitive 
hylobatids (gibbons) are already 
evolved in the lower half of the Mio- 
cene. Most of the basic cranial and 
dental morphology of the group is 
already established in these forms; in 
fact the dentition is already basically 
hominoid in the Oligocene form Pro- 
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Fig. 7. Temporal distribution of hominoids in the Neogene of Africa, Asia, and Europe. 
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pliopithecus. However, in some features 
of postcranial structure and in limb 
proportions these forms differ signifi- 
cantly from their living representatives 
(97). Similarly, the basic dryopithecine 


(pongid) dental characteristics are 
manifest in the earlier Miocene homi- 
noids of eastern Africa, although cranial 
and facial morphology is distinct from 
that of evidently specialized living 
varieties of the group (98). Moreover, 
the fundamental locomotor pattern of 
the recent large-bodied brachiator is 
evident in the morphology of shoulder 
and elbow joints, whereas the skeleton 
of the hand is distinctly primitive cer- 
copithecoid or monkey-like (99). The 
later Miocene and Pliocene dryopithe- 
cine hominoids of Europe and their 
Pliocene counterparts of Asia, known 
nearly exclusively from jaws and teeth, 
are typically pongid in mandibular and 
dental structure and therein do not 
differ fundamentally from the living 
gibbons and great apes. 

Oreopithecus, a form known for over 
three quarters of a century which has 
received much publicity and been much 
discussed recently, is a notable excep- 
tion to this statement. This primate 
occurs in the Pontian (lower Pliocene) 
lignites of Tuscany (/00). It is surely 
significant that Oreopithecus reveals fea- 
tures of dental morphology which are not 
typically pongid, although there can be 
no question that it is fully hominoid rath- 
er than primitive cercopithecoid (cerco- 
pithecid) (/01). A majority of workers 
tend to agree that the other hominoids 
of the later Tertiary are typical pongids, 
with all the attendant dental specializa- 
tions which would effectively exclude 
such creatures from hominid ancestry. 
Hiirzeler’s (1/02) painstaking reexami- 
nation of all the Oreopithecus material 
proves, however, that all later Tertiary 
hominoids were not typically pongid 
(103). Hence, the long-standing argu- 
ment over the “cercopithecid” (Old 
World monkey) or “pongid” (anthro- 
poid ape) origin of hominids can be 
clarified, since many of the more 
“generalized” hominid features which 
some workers have regarded as indic- 
ative of lower catarrhine affinity are 
present in either primitive or nonpongid 
hominoids. Consequently, an oreopithe- 
cine hominoid group might well provide 
the ancestral stage from which ortho- 
grade bipedal hominids were subse- 
quently to evolve. It is still premature 
to assert the correctness of such a 
hypothesis to the exclusion of all others. 
The recent and truly important dis- 
covery of a nearly entire skeleton of 
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Oreopithecus from the Grosetto lignites 
should provide most of the evidence 
necessary to resolve this problem. 

It should be recalled that the whole 
of the African Pliocene, a span of over 
ten million years, is still either almost 
or entirely unknown (/04). Late Ter- 
tiary hominoids surely occupied the 
more central area of the continent, 
although fossiliferous deposits of this 
time range are still unknown. Until 
some evidences of hominoid varieties 
are forthcoming from the upper Neo- 
gene of sub-Saharan Africa, any hypoth- 
eses of hominid origins will lack sup- 
port. There is widespread evidence of 
extensive sub-Saharan desiccation, be- 
tween 1°N and 20°S, from the late 
Miocene throughout the Pliocene. This 
was a period of desertification during 
which great distributions of fine, light, 
unstratified aeolian sands of the (upper) 
Kalahari system occurred (/05). Con- 
ditions appear to have been such that, 
except for rare, and probably small, 
basins of sedimentation (proto-rift val- 
leys), which are usually obscured by 
volcanic lavas and other deposits, the 
preservation of mammalian fossils was 
literally precluded. 

This was certainly a crucial time for 
mammalian evolution in general as well 
as for higher primate evolution in par- 
ticular. Thus, the origins of the in- 
credibly rich eastern-central African 
grasslands fauna is literally unknown; 
yet this long interval was probably vital 
for such a radiation, since the Villa- 
franchian antelopes appear largely refer- 
able to existing genera. For the pongid 
hominoids, whose ecological require- 
ments and habits of locomotion were 
apparently becoming those of forest- 
dwelling, vegetarian (or frugivorous) 
brachiators, such desiccation had pro- 
found effects on distribution, which are 
fully evident today in the sparse and 
restricted habitats of the African apes. 
For those hominoids that were pre- 
adapted toward terrestrial bipedalism, 
it was a period of trial in a new and 
exploitable environment. The Villa- 
franchian stage, as well as the later 
Pleistocene phases of hominid history, 
testify to the achievement of this pri- 
mary radiation. 


References and Notes 


1. The best single, well-illustrated reference 
work to the hominid (and primate) fossil 
record is the recent work by J. Piveteau, 
Traité de Paléontologie, VII: Primates; 
Paléontologie humaine (Masson, Paris, 
1957). 


2. F. C. Howell, European and Northwest Af- 
rican Middle Pleistocene Hominids, in press. 

3. W. E. Le Gros Clark, The Fossil Evidence 
for Human Evolution (Univ. of Chicago 
Press, Chicago, 1955). 


2 OCTOBER 1959 


4. 


10. 


11. 


13. 


15. 


16. 


20. 


21, 


22. 


23. 
24. 





F. C. Howell, Am. J. Phys. Anthropol. 9, 
379 (1951); Quart. Rev. Biol. 32, 330 
(1957); in, Hundert Jahre Neanderthaler 
1856-1956 (Kemink en Zoon, Utrecht, 1958), 


. 185. 

P. Woldstedt, Norddeutschland und angren- 
zende Gebiete im  Eiszeitalter (Koehler, 
Stuttgart, 1950). 

D. F. W. Baden-Powell, Geol. Mag. 85, 279 


: (1948); W. B. R. King, Quart. J. Geol. Soc. 


London 111, 187 (1955); R. G. West, Qua- 
ternaria 2, 45 (1955); . J. Glaciol. 3, 
211 (1958). 

W. Szafer, Ann. soc. géol. Pologne 22, 1 
(1953). 





. H. Spreitzer, Quartér 3, 1 (1941); V. Gro- 


mov, Am. J. Sci. 243, 492 (1945). 
See the summary list of uplifted highlands 


: in R. F. Flint, Glacial and Pleistocene Geol- 


ogy (Wiley, New York, 1957). 

C. Emiliani, Science 123, 924 (1956); J. 
Geol. 63, 538 (1955); ibid. 66, 264 (1958). 
L. Pareto, Bull. soc. géol. France 22, 
210 (1865). 


E. Haug, Traité de Géologie (Colin, Paris, 
1911); A. T. Hopwood, Proc. Geologists, 
Assoc. Engl. 46, 46 (1935); ibid. 51, 
79 (1940). Although several mammals are 
included as new arrivals in the Villafran- 
chian, all are not necessary to prove a lower 
Pleistocene age; thus, Equus never reached 
Java and Leptobos is not present in sub- 
Saharan Africa. 

See C. Reid, “The Geology of the Coun- 
try around Cromer,” Mem. Geol. Survey 
G. Brit. Engl. Wales (1882). 

M. Gignoux, Compt. rend. 147, 1497 (1908); 
A. C. Blanc, Geol. Meere Binnengewdsser 
5, 137 (1942). 

In France: Saone basin (Bresse-Dombes re- 
gion), Puy-en-Velay (Haute-Loire), Allier 
valley (Perrier, Mont Coupet, Senéze local- 
ities), and Rhone valley (St.  Vallier, 
Dréme); in Italy: Po valley (Piemonte, 
Emilia), upper Arno valley (Tuscany), 
Monte Mario (Rome), Puglia and Calabria, 
and Sicily. For an excellent general review 
of the evidence in southern Europe see H. 
L. Movius, Jr., J. Geol. 57, 380 (1949); 
also, various papers in Rept. Intern. Geol. 
Congr. London, 18th Congr., 1948 (1950), 
part 9, sect. H, and A. C. Blanc ef al., 





Compt. rend. congr. géol. intern., 19¢ 
Congr., Algiers, 1952 (1954), fasc. 15, p. 
215. 


For useful summaries of European Pliocene 
floras see G. Depape, Ann. soc. sci. Brux- 


elles 48, 39 (1928); also, W. Szafer, Inst. 
Geologiczny, Prace (Warsaw, Wydawnictwa 
Geol.) 11 (1954). 

. M. Gignoux, Ann. géogr. 18, 141 (1909); 
Ann. univ. Lyon 1, No. 36 (1913); Bull. 
soc. géol. France 14, 324 (1915); Ann. 
Univ. Grénoble 28, 9 (1916). 

R. Ruggieri and R. Selli, Rept. Intern. 
Geol. Congr. London, 18th Congr., 1948 
(1950), part 4, sect. H, p. 85. 


. C. Reid, “The Pliocene Deposits of Britain,” 


Mem. Geol. Survey Gt. Brit. Engl. Wales 
(1890); F. W. Harmer, Proc. Geologists’ 
Assoc. (Engl.) 17, 416 (1902); P. G. H. Bos- 
well, ibid. 63, 301 (1952); C. P. Chatwin, 
East Anglia and Adjoining Areas (Geo- 
logical Survey and Museum, London, 1954); 
for general discussion, see W. B. R. King, 
Quart. J. Geol. Soc. London 111, 187 
(1955). 

I. M. van der Vlerk, Proc. Koninkl. Ned. 
Akad. Wetenschap, B56, 34 (1953; 
and F. Florschiitz, WVerhandel. Koninkl. 
Ned. Akad. Wetenschap. Afdel. Natuurk. 
20, 1 (1953); R. Lagaaij, Mededel. Geol. 
Sticht., Ser. C, No. 5 (1952); for paleogeo- 
graphic maps, see J. H. van Voorthuysen, 
Geol. en Mijnbouw 19, 263 (1957); for 
general summary, see A. J. Pannekoek et 
al., Geological History of the Netherlands 
(Government Printing Office, s’Gravenhage, 
1956). 

S. Venzo and F. Lona, Afti soc. ital. sci. 
nat. e museo civico storia nat. Milano 89, 
43 (1950); S. Venzo, Geol. Bavarica 19, 
74 (1953); Actes congr. assoc. intern. étude 
quatern., 4° Congr., Rome-Pise, 1953 (1956), 
vol. 1, p. 65. 

W. H. Zagwijn, Geol. en Mijnbouw 19, 
233 (1957); A. Schreuder, Arch. néerl. zool. 
7, 153 (1945). 

A. C. Blanc, Quaternaria 4, 95 (1957). 

B. Eberl, Die Eiszeitenfolge im nérdlichen 





25. 


26. 


27. 
28. 


29. 


30. 


31. 


32. 


33. 
34. 
3. 


36. 


37. 


38. 


39. G 


40. D 


41. 


42. 


43. 





Alpenvorlande (Filser, Augsburg, 1930); I. 
Schafer, Geol. Bavarica No. 19 (1953), p. 13. 
Supposedly artificially flaked specimens have 
been reported from the East Anglian 
“Crags” [see especially J. R. Moir, The 
Antiquity of Man in East Anglia (Cambridge 
Uniy. Press, Cambridge, 1927)]; however, 
most workers are now convinced that these 
are natural specimens. See A. S. Barnes, 
Anthropol. 48, 217 (1938); Am. Anthropol. 
41, 99 (1939); S. H. Warren, Southeast 
Nat. Antiq. 53, 48 (1948) . 

M. Pfannenstiel, Geol. Rundschau 34, 341 
(1944); Bonner Geogr. Abhandl. 6, 1 
(1950); S. Erinc, Rev. Geogr. Inst. Univ. 
Istanbul 1, 85 (1954). 

A. C. Blanc, Geol. Meere Binnengewdisser 
5, 137 (1942). 

It has been maintained that the Abbevil- 
lian, at least in the Somme valley where it 
is best known, is of “first interglacial” 
(=Giinz-Mindel=Cromerian) age. See 4 
Breuil, Proc. Prehist. Soc. 5, 33 (1939); 
and L. Koslowski, Anthropol. 41, 
449 (1931); , ibid. 42, 27, 291 (1932); 
, ibid. 44, 249 (1934). However, a 
variety of both geological and paleonto- 
logical evidence indicates that assignment 
of a younger age is fully warranted, and 
that this was probably an ameliorative 
phase within or toward the end of the first 
major continental glaciation. 

See the excellent general summary by H. L. 
Movius, Jr., Papers Peabody Museum Am. 
Archaeol. Ethnol. Harvard Univ. 19, 
(1944); also, H. de Terra, Proc. Am. Phil. 
Soc. 77, 289 (1937). 

P. Teilhard de Chardin, Bull. Geol. Soc. 
China 16, 195 (1937); ibid. 17, 169 (1937); 
Compt. rend. soc. géol. France, No. 17 
(1938), p. 325; Inst. Géo-Biol., Pekin, No. 
7 (1941); and C. C. Young, Bull. 
Geol. Soc. China 12, 207 (1933); G. B. Bar- 
bour, ibid. 10, 71 (1931); H. de Terra, 
Inst, Géo-Biol., Pekin, No. 6 (1941). 

See faunal list in P. Teilhard de Chardin 
and P. Leroy, Inst. Géo-Biol., Pekin, No. 8 
(1942). 

H. de Terra, Proc. Am. Phil. Soc. 77, 289 
(1937); and P. Teilhard de Chardin, 
ibid. 76, 791 (1936); G. E. Pilgrim, Rec- 
ords Geol. Survey India 40, 185 (1910); 
W. D. Gill, Quart. J. Geol. Soc. London 
107, 375 (1952). 

H. de Terra and T. T. Paterson, Carnegie 
Inst. Wash. Publ. No. 493 (1939), p. 1. 
E. H. Colbert, Trans. Am. Phil. Soc. 26, 
1 (1935). 

The interesting and little known pongid 
Ramapithecus is the last Siwalik primate to 
occur in the Tatrot zone. 

D. A. Hooijer and E. H. Colbert, Am. J. 
Sci. 249, 533 (1951); also, D. A. Hooijer 
Proc. Koninkl. Ned. Akad. Wetenschap. 
B55, 436 (1952). 

H. L. Movius, Trans. Am. Phil. Soc. 38, 
329 (1948); Cahiers hist. mond. 2, 257, 520 
(1955). 

H. de Terra, Trans. Am. Phil. Soc. 32, 
437 (1943); R. W. van Bemelen, The Geol- 
ogy of Indonesia (Nijhoff, The Hague, 1949). 
* R. von Koenigswald, Proc. Koninkl. 
Ned. Akad. Wetenschap. B38, 188 (1935); 
Quartiir 2, 28 (1939). 

4 Hooijer, Am. J. Phys. Anthropol. 9, 
265 (1951); Proc. Koninkl. Ned. Akad. 
Wetenschap. B55, 436 (1952); ibid. B60, 
1 (1957); Quaternaria 3, 5 (1956). A con- 
trary opinion is held by G. H. R. von 
Koenigswald, Proc. Koninkl. Ned. Akad. 
Wetenschap. B59, 204 (1956); Actes congr. 
assoc. intern. étude quatern., 4° Congr., 
Rome-Pise, 1953 (1956), vol. 1, p. 5. 

D. Black, Bull. Geol. Soc. China 4, 133 
(1925); W. D. Matthew, Climate and Evo- 
lution (N.Y. Acad. Sci., New York, ed. 2, 
1939). 

C. Arambourg, Bull. soc. géol. France 19, 
195 (1949); “La paléontologie des verte- 
brés en Afrique du Nord frangaise,” Congr. 
géol. intern., 19° Congr., Algiers, 1952, 
Monogr. Arambourg distinguishes lower 
(Ichkeul, Boucherit, Fouarat) and upper 
(Bel Hacel, Ain MHanech) Villafranchian 
faunas; the former is more archaic and 
includes El. africanavus, Anancus, Stylohip- 
parion, and Libytherium, whereas the latter 
includes predominantly El. meridionalis and 
Equus, with Libytherium and, rarely, 
Stylohipparion. 

G. Choubert et al., Notes et mém. serv. 
géol. Maroc, No. 71 (1948), p. 15; G. 

















843 








44. 


45. 


46. 
47. 


48. 


49. 
50. 


51. 


33. 


54. 


59» 


56. 
~y A 


58. 


59. 


60. 


61. 


62. 


63. 


64. 


65. 


66. 
67. 





Choubert, Notes et mém. serv. géol. Maroc 
No. 76 (1950), p. 13. 

P. Biberson et al. Compt. rend. 245, 938 
(1957). 

G. Choubert and R. Ambroggi, Notes et 
mém. serv. géol. Maroc, No. 117 (1953), 
p. 3; G. Choubert et al. Compt. rend. 243, 
504 (1956); G. Choubert, ibid. 245, 1066 
(1957); Actes congr. assoc. intern. étude 
quatern., 5¢€ Congr. Madrid-Barcelona, 1957 
(in press). 

C. Arambourg and M. Arnould, Bull. soc. 
nat. Tunisie 2, 149 (1949). 

C. Arambourg et al., Compt. rend. 234, 
128 (1952); Arch. Mus. nat. hist. natl. Paris, 
sér. 7 (1953), vol. 2, p. 1. 

M. Dalloni, Bull. soc. géogr. archéol. prov. 
Oran 61, 1 (1940); Actes congr. assoc. in- 
tern. étude quatern., 4° Congr., Rome- 
Pise, 1953 (1956), vol. 1, p. 19; Buil. soc. 
hist. nat. Afrique nord 45, 134 (1954). 

C. Arambourg, Bull. soc. géol. France 19, 
195 (1949); Compt. rend. 229, 66 (1949). 

, Compt. rend. soc. géol. France, No. 
7 (1949), p. 120; Bull. soc. préhist. frang. 
47, 348 (1950); Compt. rend. 236, 2419 
(1953); and Balout, Bull. soc. 
hist. nat. Afrique nord 43, 152 (1952). 
Crude bifaces, referrable to a basal Chel- 
lean industrial stage, were discovered in 
1952, derived from a higher level at the 
Ain Hanech site. 

F. Dixey, Quart. J. Geol. Soc. London 102, 
339 (1946); The East African Rift Valley, 
Colonial Geology and Mineral Resources 
Suppl. Ser. (London, 1956). See especially 
the recent excellent critical appraisal by 
H. B. S. Cooke (52, p. 60). 

H. B. S. Cooke, Annex. Trans. Geol. Soc. 
S. Africa (1958). 

P. E. Kent, Geol. Mag. 79, 117 (1942); 
E. P. Saggerson, Geology of the Kisumu 
District (Geological Survey, Kenya, Nairobi, 
1952). 

L. S. B. Leakey, The Stone Age Races of 
Kenya (Oxford Univ. Press, London, 1935); 
compare M. F. Ashley Montagu, Am. 
Anthropol. 59, 335 (1957). 

This series is named after the village of 
Kaiso, the type locality, on the eastern 
shore of Lake Albert. See, E. J. Wayland 








et al., Occasional Papers Geol. Survey 
Uganda 2, 1 (1926); also, K. A. Davies, 
Geol. Mag. 88, 377 (1951); N. Harris, 


J. W. Pallister, J. M. Brown, Geol. Survey 
Uganda Mem. No. 9 (1956). 

V. E. Fuchs, Geol. Mag. 71, 97 (1934). 

J. Lepersonne, Ann. soc. géol. Belge 72, 1 
(1949). 

The particular horizon of the type Kaiso 
mammal fauna is not clear; possibly it 
corresponds to the middle or even the 
upper stage, but this problem may be settled 
by careful study and comparison of the 
molluscan faunas within the several stages 
of the Kaiso series. W. W. Bishop (Geo- 
logical Survey of Uganda, Entebbe) is now 
carrying out systematic investigations in 
the Western Rift, both at Kaiso and in the 
Lake George-Lake Edward region (see 
“Proc. Assoc. African Geol. Services, Leo- 
poldville, Belgian Congo, Meeting, July 
1958,”" in press). 

J. de Heinzelin de Braucourt, 
tectonique sous le paralléle 
Publ. Inst. Natl. Parcs Nat., Bruxelles 
(1950); also, Proc. Intern. Sci. Sol, 5¢ 
Congr. Leopoldville, 1954 (1954), vol. 4, 
p. 435. 

C. Arambourg, 


“Le fossé 
d’Ishango,” 


Mission scientifique de 
’'Omo, 1932-1933, I (Museum Natl. Hist. 
Nat., Paris, 1935; 1943), vols. 1, 3. 

L. S. B. Leakey, Olduvai Gorge (Cam- 
bridge Univ. Press, Cambridge, 1951); 
Nature 181, 1099 (1958). 

P. E. Kent, Geol. Mag. 78, 173 (1941); 
also, L. Kohl-Larsen, Auf den Spuren des 
Vormenschen (Strecker and _ Schroeder, 
Stuttgart, 1943). 

W. O. Dietrich, Palaeontographica A94, 43 
(1942); ibid. A99, 1 (1950). 

A. Remane, Z. Morphol. Anthropol. 42, 
311 (1951); Am. J. Phys. Anthropol. 12, 
123 (1954). 

J. T. Robinson, ibid. 11, 1 (1953). 

See faunal lists in L. §. B. Leakey, Oldu- 
vai Gorge (61). 

Other riverine situations have provided 
selected assemblages of pebble tools re- 
ferred to the Pre-Chelles-Acheul industries. 
The Kafuan industry, generally regarded 


844 


68. 
69. 
70. 


71. 


72. 


73. 


74. 


75. 


76. 


77. J 


78. 


79. 


81. 


as the oldest such manifestation, has been 
recovered from very high-level gravels of the 
Kafu and Kagera rivers in western and 
southeastern Uganda, respectively [C. van 
Riet Lowe, Mem. Geol. Survey Uganda 
No. 6 (1952); Proc. Pan-African Congr. 
Prehist., 3rd  Congr., Livingstone, 1955 
(1957y, p. 207]. The industry, in a more 
evolved facies it seems, is probably also 
represented in the Katanga, southeastern 
Belgian Congo [G. Mortelmans, ‘‘Mélanges 
en hommage au Prof. Hamal Nandrin,” 
Publ. soc. roy. Belge anthropol. préhist. 
(1952), p. 150; Actes congr. panafr. pré- 
hist., 2° Congr., Alger, 1952 (1955), p. 295; 
Proc. Pan-African Congr. Prehist., 3rd 
Congr., Livingstone, 1955 (1957), p. 214] 
and in the calcified basal older gravels of 
the Vaal river in southern Africa [C. 
van Riet Lowe, S. African Archaeol. Bull. 
8, 27 (1953)]. There is little question that 
some of the selected specimens are 
indeed artifacts of a very primitive stone 
industry although this is likely not true of 
those from the Kafu river; until larger as- 
semblages are found in situ, preferably 
on old land surfaces, in clays or other 
fine sediments, there will always be a con- 
siderable measure of doubt concerning their 
full authenticity. 

J. T. Robinson, Am. J. Phys. Anthropol. 
12, 181 (1954). 

S. L. Washburn and B. Patterson, Nature 
167, 650 (1951). 

H. B. S. Cooke, S. African Archaeol. Bull. 
7, 59 (1951); F. C. Howell, Am. J. Phys. 


Anthropol. 13, 635 (1955); R. F. Ewer, 
S. African Archaeol. Bull. 9, 41 (1956); 
Proc. Pan-African Congr. Prehist., 3rd 


Congr., Livingstone, 1955 (1957), p. 135. 
K. P. Oakley, Am. J. Phys. Anthropol. 12, 
9 (1954); Proc. Pan-African Congr. Pre- 
hist., 3rd Congr., Livingstone, 1955 (1957), 
p. 155. 

Sterkfontein, Swartkrans, and Kromdraai 
are situated in a shallow valley about 6 
miles northwest of Krugersdorp, southern 
Transvaal; Limeworks Cave is located in 
the Makapansgat valley, several miles 
northeast of Potgietersrust, central Trans- 
vaal; the limeworks at Buxton, near Taungs, 
is just west of the Transvaal border, adja- 


cent to the Kaap escarpment bordering 
the Harts River, in Bechuanaland (Cape 
Province). 

C. K. Brain, Proc. Pan-African Congr. 
Prehist., 3rd Congr., Livingstone, 1955 
(1957), p. 143; and Transvaal Museum, 
Pretoria, Mem. No. 11 (1958), p. 1; also, 
H. B. S. Cooke, S. African J. Sci. 35, 


204 (1938); S. H. Haughton, Trans. Geol. 
Soc. S. Africa 50, 55 (1947). 


F. E. Peabody, Bull. Geol. Soc. Am. 65, 
671 (1954); also, R. B. Young, Trans. 
Geol. Soc. S. Africa 28, 55 (1925). 

R. A. Dart, Transvaal Museum, Pretoria, 
Mem. No. 10 (1957), p. 1; Proc. Pan- 
African Congr. Prehist., 3rd Congr., Liv- 
ingstone, 1955 (1957), p. 161; Am. An- 
thropol. 60, 923 (1958). 

The recent account by W. I. Ejitzman 


[S. African J. Sci. 54, 177 (1958)] of the 
original constitution of the Limeworks Cave 
and the mining activities which largely 
destroyed it suggests that there were prob- 
ably three separate fossiliferous breccias, 
separated by travertines in the lower por- 
tion of this great cavern. He states that the 
lower and middle of these were densely 
packed with bone, whereas the upper 
horizon was more discontinuous and far 
less fossiliferous. It is clear that only a 
very small proportion of the bone accumu- 
lations have been salvaged from the mine 
dumps and that the great bulk of the fos- 
sil mammals (and australopithecines) were 
consumed in the lime kilns. 

. T. Robinson, Ann. Trans. 
Pretoria 22, 1 (1952). 
R. A. Dart, Intern. Anthropol. Ling. Rev. 
1, 201 (1953); Smithsonian Inst. Ann. Rept. 
1955 (1956), p. 317; Am. Anthropol. 60, 
715 (1958). 

H. Breuil, Palaeontol. Sinica, Peking, D6, 
1 (1939). 

S. L. Washburn, Am. Anthropol. 59, 612 
(1957). 

A. R. Hughes, S. African J. Sci. 51, 156 
(1954); Am. J. Phys. Anthropol. 12, 467 
(1954); R. A. Dart, Am. Anthropol. 58, 
40 (1956). 


Museum, 





82. 


83. 


84. 


85. 


86. 
88. 


89. 


90. 


91. 


92. 


93. 


94, 


95. 
96. 


97. 


98. 


99. 


100. 
101. 


102. 


103. 


105. 





J. Stevenson-Hamilton, Wild Life in South 
Africa (Cassell, London, 1954). 

R. A. Dart, Nat. Hist. 26, 315 (1926); Am, 
J. Phys. Anthropol. 7, 1 (1949); see also, 
K. P. Oakley, in Appraisal of Anthropology 
Today, S. Tax et al., Eds. (Univ. of Chi- 
cago Press, Chicago, 1953), pp. 28-30. 

C. K. Brain et al., Nature 175, 16 (1955); 
see K. P. Oakley, Antiquity 30, 4 (1956). 
This horizon has also yielded a fragment 
of an australopithecine maxilla [R. A. Dart, 
Nature 176, 170 (1955)]. 

J. T. Robinson and R. J. Mason, Nature 
180, 521 (1957); see K. P. Oakley, Antiquity 
31, 199 (1957). Foreign pebbles were first 
reported from this region (at Kromdraai) 
by S. H. Haughton, S. African Archaeol. 
Bull. 2, 59 (1947). 

J. T. Robinson, Leech 28, 94 (1958). 

J. D. Clark, personal communication. 

F. Weidenreich, Anat. Anz. 44, 497 (1913); 
A. Keith, Brit. Med. J. 1, 451, 499, 545, 
587, 624, 669 (1923); S. L. Washburn, 
Cold Spring Harbor Symposia Quant. Biol. 
15, 67 (1950); L. W. Mednick, Am. J. 
Phys. Anthropol. 13, 203 (1955). 

R. A. Dart, ibid. 7, 301 (1949); ibid., in 
press. 

R. Broom et al., Transvaal Museum, Pre- 
toria, Mem. No. 4 (1950), p. 1; R. Broom 
and J. T. Robinson, Am. J. Phys. Anthropol. 
8, 489 (1950). 

, Transvaal Museum, Pretoria, Mem. 
No. 6 (1952), p. 1. 

W. E. Le Gros Clark, Am. J. Phys. Anthro- 
pol. 13, 19 (1955); F. C. Howell, in prepa- 
ration. 

W. E. Le Gros Clark, J. Roy. Anthropol. 
Inst. 80, 37 (1952); J. T. Robinson, J. 
Dental Assoc. S. Africa 7, 1 (1952); Trans- 





vaal Museum, Pretoria, Mem. No. 9 
(1956), p. 1. 
, Evolution 8, 324 (1954); Z. 





Morphol. Anthropol. 46, 269 (1954); also, 
see the excellent summary by G. Heberer, 
Primatologia, I (1956), p. 379. 





, Am. J. Phys. Anthropol. 11, 445 
(1953). 
See G. H. R. von Koenigswald, Proc. 
Koninkl. Ned. Akad. Wetenschap. B59, 


318 (1956). This author would distinguish 
Paidopithex rhenanus, of which a com- 
plete right femur is known, from the 
Pontian of Rheinhesse and the Schwibian 
lignites, giving it as a separate genus (rather 
than as a species, as I have done here). 
W. E. Le Gros Clark and D. P. Thomas, 
Fossil Mammals of Africa (British Mu- 
seum of Natural History, London, 1951) 
vol. 3, p. 1; H. Zapfe, Am. J. Phys. Anthro- 
pol., in press; J. Hiirzeler, Ann. paléontol. 
40, 1 (1954). 

W. E. Le Gros Clark, Quart. J. Geol. Soc. 





London 105, 225 (1950); and L. S. 
B. Leakey, Fossil Mammals of Africa 
(British Museum of Natural History, 
London, 1951), vol. 1, p. 1. 

W. E. Le Gros Clark, Proc. Zool. Soc. 


London 122, 273 (1952); J. Napier, Fossil 
Mammals of Africa (British Museum of 
Natural History, London, in press). 

H. de Terra, Science 124, 1282 (1956). 

See A. Remane, Abhi. Akad. Wiss. Lit. 
Mainz, Math.-Naturw. Kl., No. 2 (1955). 
J. Hiirzeler, Schweiz. Palaontol. Abhandl. 
66, 1 (1949); Eclogae Geol. Helv. 44, 404 
(1951); Verhandl. naturforsch Ges. Basel 
65, 88 (1954); ibid. 69, 1 (1958). 

See W. L. Strauss, Jr., Quart. Rev. Biol. 
24, 200 (1949). 

In Mediterranean Africa the Pontian is little 
known in southern and northern Tunisia and 
practically not at all in Morocco. The richest 
locality, except for primates, is Qued el 
Hamman, Oran (Algeria). Findings from the 
later Pliocene are extremely rare; this period 
is known largely from the Constantine (Al- 
geria) sites of Ain el Bey and Ain el Hadj 
Baba. A fairly substantial faunal assemblage, 
probably middle Pliocene, from the Gart el 
Moluk, Wadi Natrun, in Egypt, is known. 
The situation is even more discouraging 
south of the Sahara where a Pliocene fauna 
is known only from diamond diggings in 
Little Namaqualand, southwest Africa. 

L. Cahen and J. Lepersonne, Mem. soc. 
géol., paléontol., hydrol. Belg. ser. 8, No. 4 
(1952), p. 1; J. de Heinzelin, ‘Sols, paléosols 
et désertifications anciens,” Publ. Inst. Natl. 
Etude Agron. Congo Belge, Bruxelles (1952). 














atn 


an 
of 
ser 


So 









































SCIENCE VOL. 130 








Am, 
also, 
ology 


Chi- 


955); 
1956). 
yment 
Dart, 


‘ature 
iquity 

first 
raai) 
1aeol. 


1913); 

545, 
burn, 
Biol. 
nm. Jd. 


l., in 


Pre- 
room 
ropol. 


Mem. 


ithro- 
repa- 


ropol. 
am & 
"rans- 
0. 


ae 
also, 
berer, 


, 445 


Proc. 
B59, 
guish 
com- 
the 
aibian 
rather 
ere). 
omas, 
Mu- 
1951) 
nthro- 
ontol. 


, Soc. 
L. Ss: 
Africa 
istory, 


Soc. 
Fossil 
m of 


jt Wade 
55). 
handl. 
|, 404 
Basel 


Biol. 


; little 
a and 
‘ichest 
ed el 
m the 
period 
> (Al- 
Hadj 
blage, 
art el 


nown. 
raging 
fauna 
igs in 











High-Altitude 


Observation ‘Techniques 


A variety of tools besides satellites are available 
for the study of upper atmosphere physics. 


It may be surprising to many not 
acquainted with upper atmosphere re- 
search to learn that the greater part 
of all we know today about the struc- 
ture of the upper atmosphere has been 
discovered without instrumented satel- 
lites. Two important bits of information 
provided by satellites about the upper 
atmosphere have so far been made 
public: (i) The atmosphere from 500 to 
1000 km above the earth is between 
16 and 40 times as dense as was thought 
in 1955. (ii) The soft radiation, previ- 
ously detected above 50 km by balloon- 
and rocket-borne Geiger counters and 
now known to be contained in two 
belts at about 3000 and 14,000 km, 
is at least 100 times as great as was 
formerly believed (7). This survey has 
been prepared to explain briefly how 
the chemical composition, ionization, 
density, temperature, and motion of the 
atmosphere above 10 km can be studied 
by methods some of which use balloon 
and rocket instrumentation but most 
of which actually use ground-based ob- 
servations of atmospheric phenomena. 


Some Methods of Study 


A classical method used to give good 
estimates of upper air temperatures and 
winds involves the anomalous propa- 
gation of sound. This method presup- 
poses a knowledge of the molecular 
weight and the ratio of specific heats 
for the atmosphere at all levels tra- 
versed by the sound wave. The maxi- 
mum height at which the wind and 
temperature can thus be measured is 
usually taken as about 50 to 60 km for 
ground-based explosions. With gre- 
nades exploded from rockets, the upper 
limit may be extended to 80 km (2). 
Sound waves with very low frequencies 
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(0.1 cy/sec) can be bent back in the 
ionosphere at altitudes of about 170 
km (3). Such sound signals can give 
a value for the expression 


cpRT/cvm 


where c,/c, is the ratio of specific heats 
and R/m is the gas constant for the 
medium. Unless these ratios are known, 
the temperature T (°K) cannot be 
found. According to Hulbert (4) the 
composition of the atmosphere is ap- 
proximately constant to about 150 km, 
and, hence, the use of sound waves is 
valid for the study of temperature and 
wind within this region. 

Winds, temperature, atmospheric 
composition, solar radiation, and elec- 
trical conductivity have been measured 
with instruments sent as high as 42 
km with large balloons (5). Similarly, 
rockets have been instrumented for 
studies at still higher altitudes. Mass 
spectrographs and ion spectrographs 
carried aloft have provided informa- 
tion about the presence of argon and of 
atomic and molecular forms of both 
oxygen and nitrogen up to 220 km. 
Photon counters sent aloft have meas- 
ured solar ultraviolet and x-ray energy 
available for ionization and photodis- 
sociation (J, 4). In addition, other in- 
strumentation has verified the indirectly 
determined vertical variation of tem- 
perature and has given much informa- 
tion about cosmic and soft 
diation (/). 

Before the atmosphere beyond the 
range of balloons is considered, some 
mention might be made about the study 
of the vertical distribution of atmos- 
pheric ozone with ground-based instru- 
ments. G6tz, Dobson, and others (6) 
found means of determining the total 
amount and the vertical distribution of 
ozone. The total amount is determined 


Ta- 





by measuring the intensity of solar 
radiation at two different wavelengths, 
one at which the ozone absorption is 

strong, a second at which it is weak. 

The measurements are made at two 

different zenith angles. With proper 

measurements and _ laboratory -deter- 
mined constants, the total ozone can 

be found. The mean height of the ozone 

layer may be estimated by studying the 

ozone absorption in light scattered from 

the zenith with the sun at various low 
elevations (7). Epstein (8) has pre- 

sented a ground-based method for find- 
ing the vertical ozone distribution from 
knowledge of the total ozone content 
together with knowledge of the in- 
frared absorption of solar radiation by 
ozone and the rate at which ozone radi- 
ates in the infrared. Paetzold (9) re- 
ports that a study of the sunlight re- 
flected from the moon’s surface right 
at the edge of the earth’s shadow dur- 
ing a lunar eclipse will allow a determi- 
nation of ozone distribution in the 
earth’s atmosphere up to 45 km for 
various latitudes. The argument is that 
with a tangential path of solar rays 
there is a large decrease in the yellow- 
orange (Chappuis) spectral region, 
causing a blue-green coloring of the 
earth’s shadow near the shadow limit. 
This zone represents an optical copy of 
the atmospheric ozone layer. 

An interesting ground-based tech- 
nique for finding the density distribu- 
tion in the atmosphere between 10 and 
70 km is the nighttime use of a modu- 
lated searchlight beam directed upward. 
The back-scattered light is observed 
from the ground at a point about 20 km 
from the searchlight. If Rayleigh scat- 
tering is assumed, the intensity of light 
will be a function of air density (70). 

The observation of meteorites both 
by photographic means and by radio 
echoes provides considerable informa- 
tion about the atmosphere from 60 to 
120 km. Air density, winds, and wind 
shear have been deduced from photo- 
graphs of meteorites (//). Booker (/2) 
states that information about atmos- 
pheric turbulence can be deduced from 
photographic observation of meteor 
trails. Atmospheric pressures and scale 
heights can be found from radio studies 
of meteor trails (73). Robertson (/4) 
reports that a 27-megacycle-per-second 
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Doppler-radio system has been used to 
estimate winds from meteor trail drift 
at 80 to 105 km; these winds appear to 
have prominent 12- and 24-hour tidal 
harmonics. Greenhow (J5) has calcu- 
lated the atmospheric diffusion coeffi- 
cient by use of 8.27- to 8.35-meter 
radio measurements of echoes from 
meteor trails between 80 and 100 km. 

Winds in the region between 30 and 
90 km have been measured both by the 
observation of sound waves from gre- 
nades released from rockets (2, 16) at 
various altitudes and by the observa- 
tion of radar return from vaporized, 
metal-coated, thin plastic strips (chaff) 
released from rockets (17). Metallic 
sodium vapor ejected from Aerobee 
rockets during twilight hours creates a 
sodium emission cloud at 5890 ang- 
stroms, and observation of these clouds 
provides wind information at 85 to 200 
km (/8, 19). Figure 1 shows wind-dis- 
torted sodium trails extending from an 
altitude of 100 km to about 200 km. 
Methods for computing wind velocities 
from such photographs have been de- 
scribed by Manring (79). 

The natural phenomena known as 
noctilucent clouds, which occur at 
heights of about 80 km and apparently 
consist of volcanic or meteoric dust, 
offer some opportunities for making 
qualitative estimates of air turbulence 
and vertical stability. Ludlam (20) 
states that theodolite tracking of a noc- 
tilucent cloud element to get its veloc- 
ity is difficult because these clouds usu- 
ally lack elements which are well 
defined and which retain their identity. 
Rapid changes in the clouds and the 
presence of billows suggest a steep 
lapse rate and considerable stirring. 
Noctilucent clouds probably do not 
exist at latitudes less than 55 degrees, 
and so this source of information is 
limited geographically. 


Ionospheric Studies 


Studies of the ionosphere have pro- 
vided information about the electron 
density and the temperature in the 
ionized layers; attempts have also been 
made to measure the size as well as the 
drift of the ionospheric irregularities. 
Radio noise should contain a compo- 
nent due to thermal radiation from the 
ionosphere, and this radiation, which is 
very weak, has been identified and 
measured (2/); temperatures measured 
in this way range from 240° to 290°K. 
The rate of ion production at a given 
height is extremely sensitive to tem- 
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perature changes, and so diurnal and 
seasonal height changes in ion-forming 
layers are found to correspond to diur- 
nal and seasonal temperature changes 
(22). The daily and annual variations 
in F layer ionization (at about 180 km) 
suggest that the gradient of the tem- 
perature inversion in that layer is less 
in summer than in winter, and also that 
the warm layer is thicker in summer 
than in winter (23). Studies of the E 
and F, layers, with ionization ascribed 
to atomic oxygen, give temperatures of 
190° to 220°K at about 110 km and 
500° to 1200°K at about 250 km (24). 
The wide range is partly seasonal and 
partly related to solar activity, with the 





highest temperatures occurring in a 
summer of great solar activity. 
Observation of radio echoes reflected 


from the moon shows slow variations | 


in the mean daytime amplitude of the 
echoes. The plane of polarization of the 
radio waves is rotated due to the pres- 
ence of the earth’s magnetic field, and 
the extent of rotation depends upon the 
total electron content along the line of 
sight to the moon. J. V. Evans (25) ex- 


plains that a technique has been devel- [7 





Sige eR 


oped for the deduction of the amount 4 
of rotation and thus for the determina- | 


tion of the total electron content. 
Scintillations of radio stars have been 


shown to be caused by phase changes 


Fig. 1. Two sets of simultaneous photographs of a morning-twilight sodium trail, New 
Mexico, 26 November 1957. The upper pair, showing the trail over an altitude range 
from about 110 to 200 km, were taken when the rocket was near the zenith; the lower 
pair were taken about 5 minutes later. The left-hand pictures were made at Socorro, 211 
km north-northeast of Deming, where the right-hand pictures were taken. [Courtesy 
Air Force’ Cambridge Research Center] 
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in the incoming radiation as it traverses 
irregularities in the electron density of 
the F region. The motion of ionization 
in the F region is probably related to 
turbulence and eddies in the dynamo 
region (135 to 150 km) through inter- 
action between the earth’s magnetic 
field and the electric field (26). 

Vestine (27) has shown that, since 
geomagnetic disturbances can be repre- 
sented by atmospheric electric-current 
systems and, in turn, the current sys- 
tems can be replaced by equivalent at- 
mospheric wind systems, it may be pos- 
sible to deduce air motion in the E and 
F layers (100 to 300 km) from geo- 
magnetic data. 

Benyon and Goodwin (28) note that 
at about 100 km there is a high correla- 
tion between the magnitude of the drift 
velocity of ionospheric irregularities 
and the horizontal temperature gradi- 
ent. This suggests that the study of the 
vertical structure of ionospheric drift 
may provide important information 
about the temperature of this part of 
the atmosphere. 


Density beyond 300 Kilometers 


Recent spectrographic and _ radio 
studies of the solar corona seem to sup- 
port the idea that the atmosphere of the 
sun extends to and beyond the earth. 
According to Chapman (29) the earth 
and its atmosphere are immersed in this 
solar gas and must act as a sink of heat. 
Nicolet (30) suggests a figure for the 
heat conducted by atomic hydrogen 
from the corona to atomic oxygen in 
the earth’s atmosphere of about 36 
ergs per square centimeter per minute 
(as compared with the “solar constant” 
of about 8.4107 erg/cm? min). Chap- 
man’s argument finds support in the 
comparatively large densities discov- 
ered from tracking artificial satellites 
and also from studying radio whistlers. 
Whistlers apparently are caused by 
thunderstorm electrical discharge 
(sferics) with an energy spectrum peak- 
ing in the 10- to 20-kilocycle-per-sec- 
ond range. The sferics travel through 
the ionosphere and on to altitudes of 
500 to 5000 km or more, following the 
lines of flux of the earth’s magnetic 
field out and then back to the opposite 
hemisphere. For this to occur, the aver- 
age electron density of the atmosphere 
must be considerably greater than any 
previous estimates, about 400 electrons 
per cubic centimeter (31). Studies of 
the extension of the solar corona can be 
made by observing how radio waves 
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from the radio star Taurus vary in in- 
tensity as they travel the outer corona 
(32). Since anomalies in the solar gas 
cloud appear to be related to changes 
in the earth’s magnetic field, it may be 
possible to learn more about these 
anomalies by means of induced cur- 
rents in transoceanic cables (/). 

The flow of atomic hydrogen into the 
outer atmosphere means that the outer 
atmosphere must be more dense than 
has been thought. It is interesting to 
note that one piece of indirect evidence 
led for a time to contrary conclusions. 
From studies of the absorption of solar 
x-rays and the dissociation of oxygen 
up to about 165 km, some observers, 
by extrapolating the derived density dis- 
tribution, calculated an upper atmos- 
phere of considerably smaller density 
(33). This view was bolstered for a 
time by the idea (reminiscent of the 
early arguments about the stratosphere) 
that the high atmosphere should be iso- 
thermal and in radiational equilibrium. 
Chapman and Nicolet have countered 
such arguments, and the weight of evi- 
dence is for the more dense upper at- 
mosphere above-300-km, with. the. tem- 
perature, as represented by the kinetic 
energy of the molecules, increasing 
with height. Here we have a case of dif- 
ferent indirect evidence giving far dif- 
ferent ideas about the density of the 
upper atmosphere. On the one hand the 
arguments for thermal equilibrium 
called for a low-density, isothermal up- 
per atmosphere, while the observations 
of whistlers called for a contrary con- 
clusion. Finally, a third indirect method, 
by visual, photographic, and radio 
tracking of the artificial satellites, pro- 
vided evidence in support of the denser 
atmosphere. Sterne (34) gives a simpli- 
fied formula for inferring air density at 
perigee from visual observations of arti- 
ficial satellites. Calculations based on 
observations of sputnik I and reported 
by Harris (35) give an atmosphere at 
400 km which is 40 times as dense as 
the ARDC (Air Research and Devel- 
opment Command) model atmosphere 
at that level. Later data, reviewed by 
Kallman (36), are in substantial agree- 
ment with Harris’ conclusions. 

A device constructed but not yet 
used for determining high - altitude 
density is the satellite balloon, a 12- 
foot, spherical plastic, aluminum-cov- 
ered balloon carried aloft in collapsed 
state by an Explorer satellite. When the 
satellite is in orbit, the balloon is re- 
leased and inflated by a bottle of gas. 
It then will orbit like the satellite, but 
air drag will act to slow the balloon 





more rapidly than it slows the satellite. 
A study of the positions of the satellite 
and balloon should give more informa- 
tion about the density of the outer at- 
mosphere. The balloon would be large 
enough to be visible by eye from the 
earth’s surface during twilight hours 
(37). 

Studies of the emission spectrum of 
the aurora and night airglow provide 
information about constituents of the 
outer atmosphere. The aurorae are 
most frequent at heights of 100 to 120 
km, but they are observed from 63 to 
400 km. Sunlit aurorae may occur as 
high as 1100 km (38, p. 422). Atomic 
oxygen, nitrogen, and hydrogen, the 
oxygen and nitrogen ions, O,* and N,,”, 
and molecular oxygen and nitrogen 
have all been observed in aurorae. Sea- 
ton (39) has estimated the N,/O ratio 
for heights between 160 and 400 km. 
He also gives an N,,* density above 740 
km as greater than 120 ions per cubic 
centimeter. The night airglow emission 
is known to originate at heights from 
70 km (OH) to 1000 km (oxygen) (38, 
p. 533). Its spectrum, which shows 
atomic oxygen and sodium, the N,,* ion, 
molecular oxygen and nitrogen, and the 
OH radical, runs from the violet well 
into the infrared (10 »). At one time it 
was thought that the infrared emission 
was caused by the recombination of 
atomic nitrogen, but this emission is 
now attributed to  vibration-rotation 
bands of hydroxyl (40). Phillips (4/) 
has observed the width of the oxygen 
emission line 5577 A in the airglow and 
the line 6300 A in the twilight flash. 
These line widths indicate temperatures 
between 155° and 231°K at 100 km 
for the former and a temperature of 
about 750°K for the latter at about 220 
km. Studies of the translation and rota- 
tion of airglow cells (5577 A emission) 
have convinced personnel at the Uni- 
versity of Colorado High Altitude Ob- 
servatory that these motions represent 
true winds at 100 km (42). 


Conclusions 


From this brief survey of some meth- 
ods available for upper atmosphere re- 
search, it appears that there are many 
tools of widely varied complexity which 
can be used for such work. Most of 
these need further research and devel- 
opment. It would seem wise to use the 
most promising of the indirect measure- 
ment techniques near rocket-launching 
areas and to make the measurements 
synoptic with rocket studies. It is also 
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important that measurements of the 
outer ionosphere be matched with satel- 
lite data. It is not unlikely that, once 
certain relations are verified, ground- 
based observations will be capable of 
providing hour-by-hour and day-by-day 
information about the upper atmos- 
phere which would be much too costly 
to obtain routinely with rockets. Fur- 
thermore, some of the indirect methods 
will permit routine measurements from 
regions too close to the earth for ob- 
servations with long-lived satellites. 


References 


1. H. Odishaw, Science 128, 1599 (1958). 

2. C. J. Brasefield, J. Geophys. Research 59, 
233 (1954). 

3. J. Veldkamp, J. Atmospheric and Terrest. 
Phys. 1, 147 (1951). 

. E. O. Hulbert, Meteorol. Monographs 3, 160 
(1957). 

. R. J. Murgatrovd, Quart. J. Roy Meteorol. 

Soc. 83, 424 (1957). 

R, M. Goody, Physics of the Stratosphere 

(Cambridge Univ. Press, Cambridge, England, 

1954), p. 81. 

7. F. W. P. Gétz, “Ozone in the atmosphere,” 
in T. F. Malone, Compendium of Meteorology 
(Am. Meteorol. Soc., Boston, Mass., 1951), 
Be 275. 

8. E. S. Epstein, C. Ostergard, A. Adel, J. 
Meteorol. 13, 319 (1956). 

9. H. K. Paetzold, J. Geophys. Research 59, 
365 (1954). 


ana vn > 


10. L. Elterman, “Seasonal trend of tempera- 
ture, density and pressure in atmosphere ob- 
tained with searchlight-probing technique,” 
U.S. Air Force Cambridge Research Center 
Geophys. Research Paper No. 29 (1954); 
S. S. Frieland, J. Katzenstein, M. R. Zatzick, 
J. Geophys. Research 61, 415 (1956). 

11. F. L. Whipple, Advances in Geophys. 1, 119 
(1952). 

12. H. G. Booker, J. Atmospheric and Terrest. 
Phys. Suppl., 52 (1957). 

13. S. Evans, “Atmospheric pressures and scale 
height from radio echo observations of 
meteors,” in T. R. Kaiser, Meteors (Perga- 
mon Press, London, 1955), p. 86. 

14. D. S. Robertson, D. T. Liddy, W. G. Elford, 
J. Atmospheric and Terrest. Phys. 4, 255 
(1953). 

15. J. S. Greenhow and E. J. Neufeld, ibid. 6, 
133 (1955). 

16. W. G. Stroud, W. Nordberg, J. R. Walsh, 
J. Geophys. Research 61, 45 (1956). 

17. L. B. Smith, Bull. Am. Meteorol. Soc. 39, 436 
(1958) (abstr.). 

18. H. D. Edwards, “Emission from a sodium 
cloud artificially produced by means of a 
rocket,”’ in E. B. Armstrong and A. Dalgarno, 
The Airglow and the Aurorae (Pergamon, 
London, 1956), p. 122. 

19. E. Manring, J. F. Bedinger, H. B. Pettit, J. 
Geophys. Research 64, 587 (1959). 

20. F. H. Ludlam, Tellus 9, 341 (1957). 

21. J. L. Pawsey, L. L. McCready, F. F. Gard- 
ner, J. Atmospheric and Terrest. Phys. 1, 
261 (1951). 

22. D. Lepechinsky, ibid. 1, 278 (1951). 

23. O. Burkhard, ibid. 8, 83 (1956). 

24. S. S. Baral and A. P. Mitra, 
(1950). 

5. J. V. Evans, ibid. 11, 259 (1957). 

6. M. Dagg, ibid. 11, 133 (1957). 

27. E. H. Vestine, J. Geophys. Research 59, 93 
(1954). 


ibid. 1, 95 


Science in the News 


Khrushchev Sees Aspects of 
American Science and Talks 
About Soviet Achievements 


Soviet Premier Nikita §S. Khru- 
shchev’s trip to the United States closed 
further the narrowing gap between sci- 
ence and politics. In his statement on 
arrival, the Premier made the first of 
many scientific references when he 
spoke of the Soviet moon rocket and 
of his country’s newly launched atomic 
icebreaker. Of the moon rocket, he 
said: 

“Shortly before our meeting, Mr. 
President, the Soviet scientists, engi- 
neers, technicians and workers filled 
our hearts with joy by launching the 
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rocket to the moon. ... A container... 
with a pennant bearing the national em- 
blem of the Soviet Union is now on the 
moon. ... We entertain no doubt that 
the splendid scientists, engineers and 
workers of the United States of Amer- 
ica who are engaged in the field of 
conquering the cosmos will also carry 
their pennant over to the moon. The 
Soviet pennant, as an old resident of 
the moon, will welcome your pennant, 
and they will live there together in 
peace and friendship as we both should 
live together on the earth. .. .” 

The atomic icebreaker that was men- 
tioned is the 16,000-ton Lenin, which 
started its maiden voyage on 15 Sep- 
tember, the day that Mr. Khrushchev 


28. W. J. G. Benyon and G. L. Goodwin, J. 
Atmospheric and Terrest. Phys. 13, 180 
(1958). 

29. S. Chapman, “Achievements and prospects in 
auroral and airglow research,” in E. B. 
Armstrong and A. Dalgarno, The Airglow 
and Aurorae (Pergamon, London, 1956), 
p. 1; ‘‘Notes on the solar corona and the 
terrestrial ionosphere,’”’ Smithsonian Contribs. 
to Astrophys. 2, No. 1 (1957). 

30. M. Nicolet, Science 127, 1317 (1958). 

31. “IGY Bulletin,” Trans. Am. Geophys. Un- 
ion 38, 1011 (1957). 

32. A. Hewish, Proc. Roy. Soc. London A228, 
238 (1955). 

33. H. Wexler, Trans. Am. Geophys. Union 38, 
954 (1957). 

34. T. E. Sterne, Science 127, 1245 (1958); T. E. 
Sterne and G. F. Schilling, ‘‘Some prelimi- 
nary values of upper atmosphere density 
from observation of U.S.S.R. satellites,” 
Smithsonian Contribs. to Astrophys. 2, No. 
10, 207 (1958). 

35. I. Harris and R. Jastrow, Science 127, 471 
(1958). 

36. H. K. Kallman, J. Geophys. Research 64, 

615 (1959). 

News stories, New York Times, 29 Mar. and 

13 Apr. 1958. 

38. S. K. Mitra, The Upper Atmosphere (Asiatic 
Society, Calcutta, India, 1952). 

39. M. J. Seaton, “Excitation processes in the 
aurora and airglow,” in B. Armstrong 
and A. Dalgarno, The Airglow and_ the 
Aurorae (Pergamon, London, 1956), p. 225. 

40. V. I. Drassovsky, “‘On the detection of the 
infrared night airglow,”’ ibid., p. 86. 

41. J. G. Phillips, “The determination of the 
widths of the airglow and the twilight flash,” 
ibid., p. 67. 

42. F. E. Roach, E. Tandberg-Hanssen, L. P. 
Megill, J. Atmospheric and Terrest. Phys. 
13, 122 (1958). 


37. 


~ 


arrived in the United States for his 12- 
day stay. The ship, which can carry 
enough fuel to cruise for several years, 
is designed to keep open the 11,000- 
mile arctic sea route between Mur- 
mansk and Vladivostok—a route at 
present open about 10 weeks each year. 


Disarmament Plan Offered 


Disarmament, including a nuclear- 
test agreement and cooperation in the 
peaceful use of atomic energy and outer 
space, was a persistent theme in virtual- 
ly all of the Soviet Premier’s speeches. 
He set the stage for his total disarma- 
ment proposal to the United Nations 
when he addressed the National Press 
Club in Washington on the second day 
of his visit. He said: 

“The best, the most reliable way to 
make war impossible would be to place 
all states, without exception, in condi- 
tions where they would have no means 
of conducting war... . 

“The Soviet Union and the United 
States are faced with this alternative: 
Either the latest achievements of sci- 
entific and technical thought—the dis- 
covery of the secret of the atom, the 
development of rockets and the pene- 
tration of outer space—will be placed 
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in the service of a peaceful future and 
prosperity of mankind, or they will be 
used for the purpose of destruction and 
annihilation and, as a result, the earth 
will be covered with ashes and graves. 
The Soviet people have long made their 
choice for peace.” 

Next day he repeated these views in 
a general discussion of peaceful coex- 
istence before the members of the Sen- 
ate Foreign Relations Committee and 
guest senators. 

During an hour-long question period, 
Senate Majority Leader Lyndon John- 
son (D-Tex.) asked whether the Soviet 
Union is willing to exchange secrets on 
space flight. Mr. Khrushchev replied 
that he does favor such exchange. 
When Johnson pressed him then as to 
why the Soviet Union had not partici- 
pated in the U.N. ad hoc committee on 
this subject, he said that the United 
States had attempted to put the Soviet 
Union into the position of a “poor re- 
lation,” that the Soviet Union had not 
been treated with the proper respect in 
this area, and that it was a subject on 
which the two powerful countries active 
in the field could agree. 

On the following day, 18 September, 
the Soviet Premier gave the United 
Nations his 4-year plan for general and 
complete disarmament of all states. 
Some of the scientific aspects of the 
plan are as follows: 

“All atomic and hydrogen bombs 

. will be destroyed and their further 
production terminated. The energy of 
fissionable materials will be used ex- 
clusively for peaceful economic and 
scientific purposes. 

“Military rockets of all ranges will 
be liquidated and rocket facilities will 
remain only as means of transporta- 
tion and harnessing outer space... . 
The stockpiles of chemical and_ bac- 
teriological means of warfare accumu- 
lated by some states . . . will be elimi- 
nated once and for all... .” 

Later in the address Khrushchev con- 
sidered control, proposing the estab- 
lishment of an international body to 
set up a system of control over all dis- 
armament measures. After first stating 
that the Soviet Government would not 
resume nuclear tests if the Western 
powers do not resume theirs, he said: 

“. . . The elaboration of a program 
of general and complete disarmament 
should not hold up the solution of such 
an acute and fully mature question as 
that of the discontinuance of nuclear 
weapons tests for all time. There now 
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Premier Khrushchev visits the Agricultura: Research Center in Beltsville, Md., where he 
hears John W. Mitchell explain how chemicals can regulate plant growth and examines 
a cow especially bred for high milk production. 
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exist all prerequisites for such a solu- 
tion. We hope that the appropriate 
agreement on the discontinuance of 
tests will be concluded and put into ef- 
fect without delay.” 

Initial reaction in the United States 
to the disarmament proposals was re- 
strained. Most official observers were 
reluctant to comment, except to sug- 
gest that at important points the plan 
was vague. Interest was expressed, how- 
ever, in Mr. Khrushchev’s test-ban re- 
marks. Some observers, such as Sena- 
tor Hubert H. Humphrey, chairman of 
the Senate Subcommittee on Disarma- 
ment, felt that these comments offered 
an unparalleled opportunity to initiate 
a disarmament control system. Others, 
such as Senator Clinton D. Anderson, 
chairman of the Joint Committee on 
Atomic Energy, have indicated that it 
would be wiser to attempt only a lim- 
ited agreement, one which would per- 
mit continued testing underground with- 
out inspection. 

The interrelationship of science and 
public affairs was demonstrated not 
only by words but also by Soviet Pre- 
mier Khrushchev’s itinerary, which 
listed an impressive number of research 
laboratories and agricultural and tech- 
nical installations. 


Beltsville Visited 


Because increasing Soviet food pro- 
duction is a major aspect of the 
U.S.S.R.’s national policy, and because 
Mr. Khrushchev was in charge of Rus- 
sian agriculture before he became Pre- 
mier, it is not surprising that one of his 
first actions was to inspect the Depart- 
ment of Agriculture’s Agricultural Re- 
search Center at Beltsville, Md. He paid 
a long visit there on 16 September. 

In a_ slightly barbed welcoming 
speech, Secretary of Agriculture Ezra 
Taft Benson praised the progress of 
American agriculture “under our capi- 
talistic free-enterprise system.” He 
noted the cooperation in farm research 
between federal and state specialists and 
those in private industry, and called 
the family farm the ‘backbone of 
American agriculture.” 

The Secretary then turned the pro- 
gram over to some of the department’s 
scientists in the Bureau of Plant Indus- 
try. Harry A. Borthwick recently helped 
discover a form of plant pigment that 
controls growth. He described how 
plant growth can be promoted or inhi- 
bited through the pigment by exposure 
of seed and plants to light. Next, War- 
ren C. Shaw discussed a new weed kill- 
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er that does not harm cereal crops and 
legumes. John W. Mitchell, shown in 
one of the accompanying pictures, dis- 
played some results of the application 
of growth-regulating chemicals to 
plants, fruits, and trees. 

After the lectures, Mr. Khrushchev 
told Secretary Benson that he thought 
the Soviet Union could benefit from 
American agricultural research. He also 
suggested that there should be an in- 
crease in the exchange of technicians. 

The last part of the Beltsville visit 
was spent inspecting the experimental 
livestock, about which the Premier ex- 
hibited considerable knowledge. He is 
shown examining a cow which, during 
a 305-day lactation, produced 18,000 
pounds of milk and 724 pounds of 
butterfat. Her forebear, eight genera- 
tions back, produced only 15,800 
pounds and 540 pounds, respectively. 

Mr. Khrushchev saw the practical 
application of scientific farming on 23 
September when he went to Iowa to 
inspect Roswell Garst’s hybrid-corn 
farms and experimental growing plots. 
The Premier paid particular attention 
to chemical fertilizers, synthetic feeds, 
and new machinery. Garst’s hybrid seed 
was exported to the U.S.S.R. in great 
quantity ‘and opened the way for So- 
viet introduction of modern corn-farm- 
ing techniques. 

The Premier concluded the agricul- 
tural aspect of his tour with a visit to 
Iowa State College, Ames, a major agri- 
cultural research center. 


Research Secrecy Discussed 


While he was in California, Mr. Khru- 
shchev toured the International Busi- 
ness Machine’s computer plant, where 
he gave some of the workers souvenir 
medals commemorating the Soviet moon 
rocket. Later, when he discussed his 
IBM visit at a joint dinner of the San 
Francisco Commonwealth Club and the 
World Affairs Council, he turned to the 
topic of secrecy in research, saying: 

“The plant we saw was making com- 
puters .. . I don’t know who makes the 
better machines. . . . For the time being 
we're keeping them a secret. . . . Both 
sides are actually keeping them a secret 
for the time being. . . . But I am sure 
that the time will very soon come when 
there will be no such secrets and peo- 
ple will be able to see all such machines 
and benefit by them.” 


Two Major Visits Canceled 


During the California stay, Mr. Khru- 
shchey was also scheduled to see the 


Stanford Research Institute at Menlo 
Park, but time would not permit and 
he sent three delegates instead, includ- 
ing Vasily S. Yemelyanov, chief of the 
Main Administration for the Use of 
Atomic Energy. The projects shown to 
the Soviet officials included such sub- 
jects as research aimed at finding chem- 
icals to cure cancer, efforts to improve 
the use of radar to give early hurricane 
warnings, a machine that uses prin- 
ciples of television to give a high-speed 
facsimile reproduction process, and re- 
search on opportunities for the private 
investment of capital in foreign coun- 
tries. 

Mr. Yemelyanov is reported to have 
found it difficult to understand that the 
institute was organized to sell research 
services in any field wanted by govern- 
mental or private customers. He com- 
mented that in the Soviet Union, re- 
search is organized for a_ specific 
purpose, such as the creation of better 
airplanes or the conquest of a disease 
such as cancer. 

A second major scientific visit that 
the Premier was forced to cancel was 
that to the National Institutes of Health 
in Bethesda, Md., where an elaborate 
1%-hour program had been prepared. 
A. M. Markov, chief of the Soviet Med- 
ical Service, and Dr. V. N. Butrov, of 
the Soviet Foreign Ministry, went in 
his place. Before leaving, Markov com- 
mented that American and Soviet med- 
ical people should join in eliminating 
disease in all countries: 

“Our two countries are more or less 
equal economically. And if our doctors 
could get together, we could do very 
much for the peoples of all nations.” 

Next day, on 26 September, H. van 
Zile Hyde, Assistant Surgeon General 
for International Affairs, announced 
that the United States and the Soviet 
Union have agreed to engage in joint 
health-research projects in cancer, heart 
disease, and poliomyelitis. This group 
of projects is the first major cooperative 
effort in peaceful scientific pursuits to 
be announced as a result of the Pre- 
mier’s visit to this country. 

Mr. Khrushchev’s tour of the United 
States was set in historical perspective 
by the French paper, Paris-Presse, which 
quoted a comment Lenin made in 1920 
to H. G. Wells. Lenin had just read one 
of Wells’ science-fiction books, and is 
reported to have said: 

“IT, too, understand that all human 
conceptions are on the scale of our 
planet. They are based on the assump- 
tion that technical potentials, when 


SCIENCE, VOL. 130 











dev 
‘ter! 
lishi 
we 

soci 
case 
com 
the 

met 


Ho 
Ad 


Scie 
hea 
exp 
plet 
Scie 
tific 
iciz 
stu 
pro 
Un: 


tert 
tap 
reg 
rais 
tior 
cha 
pla 
ves 
the 
pol 
the 


the 
2¢ 








and 
ud- 
the 

of 
1 to 
ub- 
em- 
ove 
ane 
rin- 
eed 


fate 
un- 


ave 

the 
rch 
2rn- 
om- 

re- 
sific 
tter 
>ase 


that 
was 
alth 
rate 
red. 
fed- 
, of 


om- 
1ed- 
ting 


less 
tors 
very 


van 
eral 
ced 
viet 
oint 
eart 
‘oup 
itive 
s to 
Pre- 


‘ited 
tive 
hich 
920 
one 
d is 


man 

our 
mp- 
hen 








developed to the full, will not go beyond 
‘terrestrial limits.’ If we arrive at estab- 
lishing interplanetary communications 
we must revise all our philosophical, 
social, and moral conceptions. In that 
case the technical potentials, having be- 
come unlimited, will impose upon us 
the end of violence as a means and 
method of progress.” 





House Committee Questions 
Adequacy of Manpower Roster 


In a report last mos:ch, the House 
Science and Astronautics Committee, 
headed by Overton Brooks (D.—La.), 
expressed reservations about the com- 
pleteness and currency of the National 
Science Foundation’s Register of Scien- 
tific and Technical Personnel. In crit- 
icizing the register, the report cited NSF 
studies that estimated that there are ap- 
proximately 300,000 persons in the 
United States who would qualify under 
a generally acceptable definition of the 
term scientist. The committee jux- 
taposed this figure to the 170,000 the 
register now lists. Questions were also 
raised about the value of dated informa- 
tion on individuals whose profession is 
characterized by frequent changes of 
place of employment and field of in- 
vestigation. Unable to decide whether 
the register was receiving sufficient sup- 
port and planning, the committee asked 
the Science Foundation to report to it 
next January. 

Answers to the committee’s questions 
are currently being worked up for the 
NSF report in January. The founda- 
tion’s position is that “very consider- 
able progress” has been made in the 
register program. In testimony given 
during the last sessions of the hearings, 
NSF spokesmen cited the doubling of 
funds allotted for the program by the 
foundation for fiscal years 1959 and 
1960. New and larger quarters have 
been acquired for the Records Center 
in Raleigh, and additional tabulating 
and microfilming equipment has been 
installed. Studies are under way on the 
problem of speeding up the processing 
of data as they arrive. 

A simpler questionnaire is being pre- 
pared and plans are being developed to 
make the register better known and to 
make its data more readily available to 
participating scientists through profes- 
sional societies. 

Although the House committee and 
the Science Foundation have disagreed 
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on some matters of interpretation con- 
cerning the register, the basic attitude 
is one of cooperation. The committee 
is aware of the difficulties that the reg- 
ister faces, some of which stem from 
the way Congress itself operates. For 
example, the House Committee on Sci- 
ence and Astronautics may want the 
register expanded, but it does not follow 
that the House Committee on Appro- 
priations will give the Science Founda- 
tion the necessary funds. As Chairman 
Brooks himself noted, at the very time 
the spring hearings on NSF’s division 
of scientific manpower and education 
were being conducted, the House Com- 
mittee on Appropriations recommended 
a cut—later restored—in funds for the 
unit. 





Radio Frequencies for Research 
Studied at Geneva 


The allocation of radio frequencies 
for research in space is one of the 
major issues now before a 3-month- 
long conference of the International 
Telecommunications Union at Geneva. 
Radio astronomy and space communi- 
cations, two fields that have expanded 
greatly since the last ITU conference 
in 1947, are the particular subjects of 
study of the 708 delegates at the con- 
ference, which began 17 August and 
will continue until 17 December. The 
ITU, a U.N. organization through 
which countries regulate international 
telecommunications, is using the long 
session to overhaul the regulations 
drawn up in 1947. Rapid technological 
change in recent years and the open- 
ing of new fields of communication led 
to the current sessions. 

On the opening date of the confer- 
ence, the United States delegation pre- 
sented its position on the problem of 
frequencies for radio astronomy. After 
citing the increasing value of the new 
science’s findings, the U.S. group pro- 
posed that a world-wide allocation to 
radio astronomy be made of the fre- 
quency band 1400 to 1427 megacycles 
per second (Mcy/sec). This band, 
also called the interstellar hydrogen line 
band, is the major one used in radio 
astronomy. Another proposal, put forth 
by the Netherlands delegation, specified 
a range from 1399 to 1427 Mcy/sec. 
Virtual agreement among the conferees 
is reported on the protection of a band 
at least as wide as that in the U.S. 
proposal. The U.S. paper also cited 
measures taken to afford national pro- 





tection to radio astronomy observa- 
tories in this country. 

In another action, the U.S. delega- 
tion proposed that six frequencies be 
set aside for space communications. 
These communications would be be- 
tween the earth and satellites, and be- 
tween satellite and satellite. The fre- 
quencies, which would be used for 
tracking, guidance, and telemetering of 
data, are: 1700 to 1725, 1825 to 1850, 
2275 to 2300, 8300 to 8400, 15,150 to 
15,250, and 31,500 to 31,800 Mcy/sec. 


Some Opposition 


The assignment of radio frequencies 
for research is not an easy matter, ac- 
cording to reports on the conference. 
Many conflicts come up that require 
extended negotiation. In the assignment 
of frequencies for space communica- 
tion, for example, some opposition was 
registered by the delegation from the 
Soviet Union on the grounds that such 
allocations at this time would be pre- 
mature. Pressure from the other dele- 
gations moved the Russian group to 
ask for more time to study the pro- 
posals. A number of organizations, par- 
ticularly military and commercial users, 
object to the assignment of frequencies 
for research because the bands might 
be needed in the future for nonre- 
search uses. Conference proceedings 
are aided, however, by a considerable 
body of accepted practice that has ac- 
cumulated during the years the ITU 
has been in existence. Because of this 
common body of accepted practice, the 
Union, which was formed by the merg- 
er of two of the oldest inter-govern- 
mental organizations in the world, gen- 
erally manages to resolve the conflicts 
that arise. 





Health Research Grant Practices 
Held Satisfactory 


Large increases of funds for the Na- 
tional Institutes of Health will not result 
in a lowering of the quality of the re- 
search projects supported by NIH, 
spokesmen at the Bethesda, Md., facili- 
ties report. The review process for grant 
requests, and the growing volume of re- 
quests for funds for medical research, 
officials say, assure that the new funds 
will be used wisely. 

Last August, President Eisenhower 
expressed some concern on this point 
when he signed the appropriations bill 
for the Department of Health, Educa- 
tion, and Welfare under which NIH 
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operates. Although his dissatisfaction 
was not sufficient to make him veto the 
bill, which increased NIH’s funds from 
$294 to $400 million, he did indicate 
that he had reservations about the wis- 
dom of a 36 percent increase in funds 
for a single year. His first concern was 
that the large increase should “lower the 
quality of the projects supported by in- 
creasing the flow of grant applications 
more rapidly than the procedures for 
their careful appraisal can be effectively 
adapted.” He directed the Secretary of 
Health, Education, and Welfare and the 
Surgeon General to take appropriate 
steps to assure themselves that any new 
research projects be of “high priority 
and great promise.” The President’s 
reservations and his directives to the 
officials of the department turned the 
spotlight squarely on the procedures of 
evaluation that now exist in NIH. Are 
they adequate now? Will they be 
changed or expanded? 

The NIH grant evaluation process, 
with its commentary on individual grant 
requests by study sections, rating of 
them by advisory councils, and approval 
by the Surgeon General of as many of 
the highest-rated projects as the money 
allows, has been in operation since 1946 
when it was devised by C. J. Van Slyke, 
now Deputy Director of the Institutes. 
In the opinion of NIH spokesmen, the 
system has informally been doing the 
job that the President formally directed 
the officials of the Department of 
Health, Education, and Welfare to do 
in his statement when he signed the ap- 
propriations bill. The effect of the grow- 
ing appropriations for NIH, spokesmen 
say, is that the Surgeon General’s office 
will be able to go lower in the stack of 
grant requests. But, because of the very 
large number of the grant applications 
and the stringency of the review process, 
NIH officials feel, standards will not suf- 
fer and the new money will go to re- 
search projects that will add significantly 
to the public health. 


Congress Leaves Conservation 
Issues for Next Year 


Members of the 86th Congress 
brought their first session to an adjourn- 
ment on 15 September and left most of 
the important conservation legislative 
issues for the second session that will 
begin in January. The National Wildlife 
Federation reports that, although the 
session did not result in any outstanding 
conservation accomplishments, several 
measures were brought along to points 
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where final action may be expected early 
next year. 

Among the major conservation bills 
under consideration, that strengthening 
the Federal Water Pollution Control Act 
probably made the most progress. This 
measure to protect streams from raw 
sewage pollution (H.R. 3610) was spon- 
sored by Representative John A. Blat- 
nik (Minn.). It passed the House, 255 to 
143, and won approval in the Senate by 
a 61-to-27 margin. The House version 
of the bill, however, would increase the 
program of grants for the construction 
of municipal sewage treatment works 
from $50 million to $100 million an- 
nually for 10 years, while the Senate 
voted only $80 million. Differences in 
the measures were being considered in 
a Senate-House conference committee 
at adjournment time, and the compro- 
mise version probably will be among the 
first sent to the President next year. 


Soil Bank and Pesticide Awards 


After lengthy discussion, Congress 
granted $375 million—the same amount 
as last year—for the Conservation Re- 
serve Soil Bank program, a program for 
reducing surplus agricultural produc- 
tion. Under the Soil Bank, farmers lease 
land to the Federal Government, which 
uses it for wildlife preserves or other 
purposes. Last year 23 million acres 
were retired under this plan at a cost 
of $375 million. If this land had been 
planted, it would have cost the govern- 
ment $600 million just to store the sur- 
plus produced. An even greater con- 
troversy over the Soil Bank can be ex- 
pected in the next session, for the act 
authorizing the program expires at the 
end of the 1960 calendar year and must 
be extended if the plan is to continue. 
Measures to extend the authorization 
have been introduced but have not yet 
received serious consideration. 

Congress also approved S. 1575 au- 
thorizing the expansion of the Fish and 
Wildlife Service research program into 
the effects of pesticides on fish and wild- 
life. The measure, which contains a 
maximum authorization of $2,565,000 
per year, was signed by the President on 
16 September. Efforts by conservation- 
ists to knock out the $2.4 million De- 
partment of Agriculture appropriation 
for fire ant “eradication” failed, how- 
ever. This program has a serious detri- 
mental effect on fish and wildlife, and 
other organisms. 


Other Measures Held Over 


One of the few major conservation 
measures not involved in budgetary 


considerations—the Wilderness Bill to 
preserve public lands (S. 1123)—was in- 
cluded in the legislation held over until 
the second session. Although it has not 
yet been voted on by committees in 
either the Senate or the House, much 
groundwork was laid toward working 
objections out of the bill and in holding 
extensive field hearings. Action by the 
Senate Committee on Interior and In- 
sular affairs is expected early next year. 

Among other measures to be held 
over into the second session are: S. 812, 
to establish a Youth Conservation 


Corps, which has passed the Senate; S. | 
1262, to authorize large impoundment } 


fisheries research, which has passed the 


Senate; H.R. 2565, the Sikes Bill to 7 


authorize fish and game programs on 
federal military reservations, which has 
been reported by the House Merchant 
Marine and Fisheries Committee; H.R. 
7045, to establish the huge Arctic Wild- 
life Range in Alaska, also reported by 


the House Merchant Marine and Fish- 9 


eries Committee; and S. 2086, to estab- 
lish a wildlife disease laboratory, which 
has been reported from the Senate In- 
terstate and Foreign Commerce Com- 
mittee. 


National Medical Library 
Interlibrary Loan Program 


It is now 2 years since the new in- 
terlibrary loan policy of the National 
Library of Medicine went into effect. 
During fiscal year 1959 the National 
Library of Medicine filled over 6000 in- 
terlibrary loan requests each month, and 
there are many indications that the 
volume of business will continue in a 
steady rise. 

Two-thirds of all interlibrary loan re- 
quests received at the National Library 
are now being completed within 5 work- 
ing days. A major objective of the pro- 
gram has been attained in that the per- 
centage of publications “unavailable by 
reason of being already on loan” has 
dropped from 33 percent in 1957 to 18 
percent in 1958 and to 12 percent in 
1959. 

The proportion of interlibrary loans 
being furnished to foreign libraries (one 
request out of every seven) has re- 
mained about the same this year as last. 
The number of such loans amounted to 
10,000 in 1959, leading to speculation 
as to whether the various national facili- 
ties are being fully exploited. 

Copies of a revision of the National 
Library of Medicine’s interlibrary loan 
rules may be obtained on request. 
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Women in the Class of 1957 


For the third successive year, the 
Women’s Bureau of the Department of 
Labor, with the cooperation of the Na- 
tional Vocational Guidance Association, 
has conducted a survey of first jobs of 
women college graduates—nearly 88,- 
000 of them for June 1957. A small per- 
centage had gone on to graduate work, 
either full or part time—principally in 
education. Teaching also was the most 
popular profession of the working 
graduates, 42,000 being employed in 
that profession. 

In the social, physical, and biological 
sciences and in mathematics and engi- 
neering, however, where many excellent 
opportunities exist for college women, 
the numbers were disappointing. Only 
586 women had jobs as chemists and 
703 as mathematicians and statisticians, 
or 1.8 percent of employed graduates. 
“Technicians, biological,” represented 
2.8 percent. 

Since first jobs were largely in fields 
related to undergraduate majors, it be- 
comes obvious that women are still not 
aware of the expanding opportunities in 
the scientific professions. This report by 
Jean A. Wells of the Women’s Bureau 
emphasizes the importance of proper 
counseling if young women are to fulfill 
their individual goals and be of maxi- 
mum service to society. 

A comparison of salaries by occupa- 
tion reveals that girls who went to work 
as chemists were the elite of the group, 
starting at an average annual salary of 
$4847. Mathematicians and statisticians 
did almost as well at $4675, and biologi- 
cal technicians commanded an average 
annual salary of $3854. The over-all an- 
nual average was $3739 (an increase of 
$598 since 1955, the first year in which 
a survey was made). Women who en- 
tered journalism were almost as badly 
paid as typists and clercial workers. 


Crerar Library Merger Announced 


Merger of the John Crerar Library, 
one of the world’s largest collections of 
scientific and technical literature, with 
the Illinois Technological Institute has 
been announced. The Crerar Library 
will be housed in a $2-million public 
library building to be constructed on the 
institute’s campus. 

As a result of this consolidation, the 
Crerar Library will have a staff of 85 
people. With increased facilities and 
personnel, it is planning improved and 
expanded services and hopes to realize 
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substantial economies in library opera- 
tions. At the same time, the merger will 
permit the institute to provide increased 
library services and reference sources 
for its students,. faculty members, and 
scientific personnel, who comprise at 
this time Crerar’s largest single group 
of users. 

The library will remain under the ad- 
ministration of the Crerar board of 
trustees and will continue to serve the 
greater Chicago area in its present 
capacity. Custody of Illinois Tech’s 
estimated 125,000 scientific and engi- 
neering books and periodicals will be 
assigned to the Crerar Library. The li- 
brary, with its current inventory of some 
1 million books and periodicals of all 
classifications, plus this acquisition, will 
have one of the most comprehensive col- 
lections of scientific and technological 
documentation in the United States. 








The new helicopter flight simulator designed by the Franklin Institute of P 


New Helicopter Flight Simulator 


A helicopter flight simulator has been 
developed jointly by the Franklin Insti- 
tute and the Bell Helicopter Corp. of 
Philadelphia, Pa. It was built primarily 
for human engineering studies required 
in the Army-Navy Instrumentation Pro- 
gram. Because of the problems associ- 
ated with flight safety, weather, and 
weight limitations of the helicopter, 
observation of human performance in 
actual machines is difficult. 

The new simulator can reproduce the 
motion, sound, vibration, and general 
cockpit arrangement of most existing 
helicopters. The pilot operates the test 
machine as though he were flying a 
real ship under blind-flight conditions, 
so that new controls and instruments 
can be evaluated before being included 
in a research plane. 


. S 


hiladelphia 


is used by engineers of the Bell Helicopter Corporation’s Army-Navy Instrument 
Program to evaluate new controls and instruments before they are installed in research 


helicopters. 
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Scientists in the News 


Donald R. Chadwick, career medical 
officer of the Public Health Service, has 
been appointed secretary of the new 
Federal Radiation Council. Chadwick’s 
appointment was recommended by 
George B. Kistiakowsky, Special Assis- 
tant to the President for Science and 
Technology and adviser to the Federal 
Radiation Council. 


Pearce Bailey, director of the Na- 
tional Institute of Neurological Dis- 
eases and Blindness, National Institutes 
of Health, Bethesda, Md., has been ap- 
pointed director of the institute’s new 
International Neurological Research 
Programs. Richard L. Masland, assis- 
tant director, will succeed Bailey as di- 
rector of the institute. 


Hilliard Roderick, nuclear physicist in 
the Controlled Thermonuclear Branch 
of the Research Division of the U.S. 
Atomic Energy Commission, has been 
appointed deputy director of the Nat- 
ural Sciences Department of the United 
Nations Educational, Scientific, and 
Cultural Organization’s secretariat in 
Paris. He started his 2-year assignment 
in September. 


Herbert G. Andrewartha of the Uni- 
versity of Adelaide, Adelaide, Australia, 
has been appointed visiting professor of 
zoology at Duke University for the fall 
semester. He will deliver a series of 30 
lectures on the physiological aspects of 
animal distribution. 


Sidney H. Liebson, manager of the 
research and development operations 
of the Nuclear Development Corpora- 
tion of America, has been appointed 
assistant director of physics research at 
the Armour Research Foundation of 
Illinois Institute of Technology. 


Chester E. Poetsch, head of the 
pharmaceutical chemistry section of 
Smith, Kline and French, has been ap- 
pointed research director of Vick divi- 
sions, Vick Chemical Company, New 
York. He will be vice president of re- 
search for Vick Products Division and 
for Vick International Division. 


William C. Coombs, communication 
engineer, has been appointed chief of 
the systems analysis section in the Ra- 
dio Communication and Systems Divi- 
sion of the National Bureau of Stand- 
ards’ Boulder Laboratories, Boulder, 
Colo. 
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William E. Adams, James Nelson 
and Anna Louise Raymond professor 
of surgery at the University of Chicago, 
has been appointed chairman of the 
department of surgery. 


Henry P. Wheeler, Jr., chief of the 
Helium Liaison Office of the U.S. De- 
partment of the Interior, has been ap- 
pointed assistant director of the depart- 
ment’s Bureau of Mines, to administer 
helium activities. He succeeds Clifford 
W. Seibel, who retired on 31 August. 

Also at the Department of the In- 
terior, Paul V. Mullins, chief of helium 
operations, has been appointed general 
manager of helium operations, with 
headquarters at Amarillo, Tex. 


George L. Curran, associate profes- 
sor of medicine and gerontology at the 
University of Kansas Medical School, 
has been appointed associate professor 
of internal medicine at the St. Louis 
University School of Medicine. He will 
direct the section of preventive medi- 
cine and public health of the depart- 
ment of internal medicine. 


Lee A. DuBridge, president of Cali- 
fornia Institute of Technology, deliv- 
ered four lectures, entitled “An Intro- 
duction to Space,” at Brookhaven Na- 
tional Laboratory, the first in the hon- 
orary Pegram lectureship series. The 
lectureship has been established in the 
name of the late George B. Pegram, 
outstanding nuclear physicist and dean 
of Columbia University, who played an 
important role in the founding of 
Brookhaven. 


Morris Cohen, professor of physical 
metallurgy at Massachusetts Institute of 
Technology, will receive the Francis J. 
Clamer Medal of the Franklin Institute, 
Philadelphia, Pa., on 21 October. 


Sidney Golden, professor of chemis- 
try at Brandeis University, will spend 
the coming year at Cambridge Univer- 
sity, in the department of theoretical 
chemistry. 


W. A. D. Anderson, professor and 
chairman of the department of pathol- 
ogy at the University of Miami School 
of Medicine, Miami, Fla., has received 
the annual award of the Scientific Prod- 
ucts Foundation for the most outstand- 
ing contribution to the improvement of 
laboratory techniques. The presenta- 
tion took place at the annual meeting 
of the College of American Patholo- 
gists, in Chicago. 


Arnold W. Frutkin, secretary to the 
International Relations Committee of 
the Space Science Board of the Nation- 


al Academy of Sciences, has been 
named director of the National Aero- 
nautics and Space Administration’s Of- 
fice of International Programs. He suc- 
ceeds Henry E. Billingsley. 


Michael J. S. Dewar, professor and 
head of the department of chemistry at 
Queen Mary College, Universiiy of 
London, England, has been appointed 
professor of chemistry at the University 
of Chicago. 


Charles D. Coryell, professor of 
chemistry at Massachusetts Institute of 
Technology and cofounder of the Nu- 
clear Science and Engineering Corp., 
Pittsburgh, Pa., is the recipient of the 
American Chemical Society’s 1960 
Award for Nuclear Applications in 
Chemistry. 


Jean F. Piccard, professor emeritus 
of aeronautical engineering of the Uni- 
versity of Minnesota, has been honored 
by the American Meteorological Socie- 
ty for his work in the development of 
balloons for atmospheric research. 


Recent Deaths 


Sir Ian Heilbron, London, England; 
72; specialist on the chemistry of vita- 
mins A and D and on penicillin; had 
held chairs of organic chemistry at 
Liverpool University, Manchester Uni- 
versity, and the Imperial College of 
Science and Technology, London; 14 
Sept. 

Walter B. Kiener, Lincoln, Neb.; 64; 
botanist and lichenologist; formerly bi- 
ologist for the Nebraska State Game, 
Forestation, and Parks Commission; 24 
Aug. 

Frederick S. Mallette, Riverside, 
Conn.; 53; specialist on air-pollution 
control; executive secretary of the Com- 
mittee on Air-Pollution Controls of the 
American Society of Mechanical Engi- 
reers; 10 Sept. 

Arthur Pap, New Haven, Conn.; 37; 
associate professor of philosophy at 
Yale University; 7 Sept. 

William C. Stadie, Narberth, Pa.; 73; 
specialist on diabetes; John Herr Musser 
emeritus professor of research medicine 
of the University of Pennsylvania; de- 
veloped an arterial puncture for the 
study of respiration and cardiac disease 
and one of the first oxygen tents for the 
treatment of pneumonia; 11 Sept. 
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Asa Gray. A. Hunter Dupree. Belknap 
Press of Harvard University Press, 
Cambridge, Mass., 1959. 506 pp. 
Illus. $7.50. 


Almost every botanist in the United 
States has, as a student, used Asa Gray’s 
Manual of Botany, which is still one of 
the more useful aids for studying the 
flora of our northeastern states, and still 
a very useful tool for teaching students 
how to identify plants. To beginning 
botanists, “Gray” is practically synon- 
ymous with Manual of Botany. Biolo- 
gists who are interested in evolution 
(and in 1959, the 100th anniversary of 
the publication of Darwin’s Origin of 
Species, nearly all biologists are) know 
that when Darwin and Wallace pre- 
sented their famous papers to the Lin- 
naean Society of London, Darwin in- 
cluded in his, as evidence for his priority 
in describing natural selection, a letter 
he had written to Asa Gray. Today, we 


_ remember Gray both as a leading sys- 


tematic botanist of the 19th century and 
as a personal friend of Charles Darwin 
—a friend who aided Darwin in estab- 
lishing and spreading the theory of 
evolution. How much more there was to 
Asa Gray, what kind of a man he really 
was, and what he accomplished as a 
scientist is told in this remarkably well- 
written biography by Hunter Dupree. 

Now the life of a respectable 19th- 
century botanist, who labored over his 
desiccata (“baled hay” to irreverent 
scoffers), who collected specimens over 
a wide territory, who assembled a 
herbarium, and who named new genera 
and species, may be deadly dull even 
though the subject of the biography may 
have engaged in the no-holds-barred and 
no-quarter-given fights over nomencla- 
ture. To both students and teachers, 
reading the biographies of such worthy 
men may be an unpleasant but neces- 
sary chore. But reading this life of Asa 
Gray is no chore at all. It is a pleas- 
ure; in fact, the author has made his 
book so interesting that most readers 
will resent, rather than welcome, any 
little incident that interrupts them. Asa 
Gray is an excellent example of the 
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kind of writing that has recently made 
biographies so popular. 

This is not intended to imply that 
Dupree has fictionalized his subject. On 
the contrary, he has documented it 
thoroughly by citing over 800 references 
to primary sources, and if he peers into 
the subject’s mind at times and tells us 
exactly what Gray’s thoughts were, he 
is always able to cite Gray himself as 
the authority. In this biography Gray 
definitely comes alive. But, perhaps, 
despite his narrative skill and mastery 
of his subject we need not give the 
author all of the credit for the interest 
that this book arouses, for Asa Gray 
cooperated with his biographer by lead- 
ing a very interesting life. 

Gray was born in 1810 in Sauquoit, 
New York, and grew up in the central 
valley, at just the time that the first edu- 
cational institutions of the region were 
being established. He became a doctor 
of medicine in 1831, but practiced only 
a little more than a year. His primary 
interests were always those of a natural- 
ist, and he spent all the time that he 
could spare in gathering botanical, 
zoological, and mineral specimens. He 
had the good luck to meet and fall under 
the influence of John Torrey and, in 
working with Torrey, he became an ex- 
pert taxonomist. After some years of 
odd jobs and financial insecurity, but 
years of productive scientific labors, he 
established an outstanding reputation as 
a botanist, and in 1842 was offered an 
endowed chair at Harvard University, 
where his salary of $1000 a year re- 
lieved his financial insecurity. But, to 
earn his stipend, he had to become a 
one-man department of botany. He 
taught botany, established what later be- 
came the Gray Herbarium, and super- 
vised the Harvard Botanic Garden. But 
over and beyond these routine occupa- 
tions, he indulged his wider interests and 
spent as much time as he could in 
identifying and classifying the western 
plants sent him by various govern- 
mental exploring parties. 

As Gray’s knowledge of the Ameri- 
can flora increased, he discovered 
regularities in the distribution of certain 


genera and species, and his interest in 
plant distribution grew. In fact, he was 
one of the founders of plant geography, 
and it was in this field that his very 
original work came to the attention of 
Charles Darwin. It was here that, with- 
out knowing it, he made an important 
contribution to the theory of evolution. 
Gray and Darwin exchanged letters and 
became close, personal friends, and 
when Darwin published The Origin of 
Species, Gray reviewed it and saw to it 
that Darwin got a fair hearing in the 
United States. Gray was Darwin’s first 
American sponsor. 

From a personal standpoint, Gray’s 
long and sometimes bitter contest with 
his Harvard colleague, Louis Agassiz 
(who did not accept Darwinian evolu- 
tion) furnishes the material for perhaps 
the most interesting portion of the book. 
Here, we get a glimpse of academic 
politics, of the growth of science in the 
first American university, and of the 
establishment of the National Academy 
of Sciences. We also get a view of con- 
temporary scientific standards. 

Attention should be called to two as- 
pects of this biography that are not ad- 
equately expressed in its brief title, Asa 
Gray. First, Dupree’s treatment tran- 
scends Gray as an individual and de- 
picts, in fascinating detail, the alarms 
and excursions of 19th-century biology. 
Dupree makes the science of the time 
very real, and the actors—the scientists 
—very human. Finally, he gives us a 
great many important facts about the 
group of men who worked with and 
around Charles Darwin—Sir Charles 
Lyell, Thomas Henry Huxley, Joseph 
Hooker, Alfred Russell Wallace and 
others—the group that introduced 
evolution to the world. Gray was a very 
important member of this group. 

This biography of Asa Gray is de- 
finitive. 

Conway ZIRKLE 
Botanical Laboratory, 
University of Pennsylvania 


Law and Administration. vols. 1 and 2. 
Herbert S. Marks, Ed. Pergamon 
Press, New York, 1959. xiii + 994 
pp. $26.50. 


This work is an authoritative and 
comprehensive source of background 
information in the field of atomic 
energy. The tenth of 12 subject cate- 
gories in the ambitious series “Progress 
in Nuclear Energy,” the work is in two 
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volumes. Volume 1 presents authorita- 
tive articles on specific aspects of law 


and administration relating to the 
nuclear-energy programs of the United 
States, the United Kingdom, Eura- 
tom, the International Atomic Energy 
Agency, and Israel Volume 2 presents 
the texts of nuclear-energy legislation 
and regulations in effect in 25 countries, 
together with succinct commentaries on 
the history and status of atomic-energy 
control in each country. 

Each chapter in volume 1 is written 
by a recognized authority. These chap- 
ters present a distillation of the history, 
conflicts, compromises, and status of 
the new legal and administrative ar- 
rangements that have evolved, primarily 
in the United States and Britain, as gov- 
ernments respond to the new nuclear 
technology. John Palfrey’s opening 
chapter is an excellent “legal chronicle” 
of the United States federal statute, 
while William Krebs’ chapter on state 
activities and Casper Ooms’ chapter on 
patents are clearly indicative of the au- 
thors’ deep understanding of the subject 
matter. I wish that chapters had been 
included on the new administrative ar- 
rangements evolving out of AEC-con- 
tractor relationships, or that there had 
been more specific material concerning 
the growing federal-state-local problem 
of licensing and control of private 
atomic-energy facilities. These are 
minor criticisms, however, of a note- 
worthy treatise. 

Volume 2, except for the commen- 
taries, is a reference source on foreign 
legislation and procedures—clearly of 
limited interest to all but the specialist. 
The commentaries are useful sum- 
maries. 

JOHN R. MENKE 
Nuclear Development Corporation 
of America, White Plains, New York 


The Emergence of the German Dye In- 
dustry. John Joseph Beer. University 
of Illinois Press, Urbana, 1959. vii 
+ 168 pp. Cloth, $4.50; paper, $3.50. 


This detailed account of the German 
dye industry begins with Perkin’s dis- 
covery of mauve dye (analine purple) 
and terminates with the formation of the 
I. G. Farbenindustrie. It is less a history 
of the scientific and technical develop- 
ment of the industry than an analysis of 
the social, economic, and scientific fac- 
tors which brought about that most 
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spectacular chapter in the extraordinary 
history of the chemical industry in the 
19th century. 

It is surprising that this story has not 
previously been recounted in English, 
especially since the German dye indus- 
try has been celebrated in the United 
States as an example of commercial and 
scientific iniquity. It is the more sur- 
prising inasmuch as a considerable num- 
ber of general histories, company his- 
tories, and personal memoirs on the 
subject in German have long existed. 

From this account, the béte noire ap- 
pears to be little worse or better than the 
rest of us. In fact, while the influence of 
the chemical industry on German tech- 
nical education and the patent system 
was instrumental in securing the initial 
advantage Germany enjoyed in World 
War I, Beer concludes that the failure 
of the German chemical industry con- 
sciously to prepare for war in 1914 con- 
stituted a limitation on that initial ad- 
vantage. His conclusions are drawn 
from published data, plus a few un- 
published German sources. 

The extent to which Beer brings the 
German dye industry into the realm of 
the familiar is illustrated by his remark 
that “the only reason all the dye com- 
panies continued to spend heavily on 
dye research was for prestige reasons 
very similar to those which impel the 
American auto industry to change 
models every year” (page 123). He em- 
phasizes the role of capitalistic enter- 
prise as a factor in the spectacular 
growth of the dye companies and notes 
that Carl Duisberg (later board chair- 
man of I. G. Farbenindustrie) credits to 
his observations of the American trusts 
in 1903 some of the ideas which led to 
the formation of the German combine. 
The detailed history of the I. G. Farben- 
industrie is not a part of this book, how- 
ever. 

Having reduced the story of the Ger- 
man dye industry from the mysterious 
to the familiar, Beer points out that the 
factors cited point to the inevitable 
emergence of the institutional research 
activities represented by that industry. 
But he also points out that the coinci- 
dences of time and circumstance re- 
vealed by an analysis of a specific ex- 
ample such as this are often of the 
greatest importance in the world as it is. 
The truth of this is quite evident in the 
fascinating case history that he has 
written. 

RoBERT P. MULTHAUF 
Smithsonian Institution 


Family Planning, Sterility, and Popula- 
tion Growth. Ronald Freedman, Pas- 
cal K. Whelpton, and Arthur A. 
Campbell. McGraw-Hill, New York, 
1959. xi + 515 pp. Illus. $9.50. 


A quarter of a century ago, volun- 
tary parenthood seemed inconsistent 
with population maintenance. Demog- 
raphers forecast declining populations 
with reasonable surety, for birth rates 
had been moving downward for more 
than a century. Then birth rates in- 
creased in practically all social and 
economic groups except the lowest, 
where the decline continued. Moreover, 
the increases were generally greatest in 
the groups where the birth rates had 
been lowest. Voluntary parenthood was 
consistent not only with childlessness 
and disappearance of ethnic differences 
but with a familistic orientation of life 
that would sustain continuing increase of 
the population. The assessment of the 
future population of the nation became 
a topic of wide conjecture. 

The studies made by P. K. Whelpton 
of the Scripps Foundation for Research 
in Population Problems had shown that 
the measurement of trends in fertility 
should be based on the life-time per- 
formance of cohorts of women rather 
than on the levels of general or age- 
specific birth rates in specific time 
periods. However, the past childbearing 
record of cohorts of women did not 
provide an empirical basis for estimat- 
ing future childbearing. These future 
estimates required knowledge of the 
wishes and anticipations of families, 
and of the probable relationship be- 
tween the numbers of children that 
were expected and the numbers that 
would be born. It is these new dimen- 
sions of population research that were 


the goals of the study reported in Fam-} 


ily Planning, Sterility, and Population 
Growth. 

The Survey Research Center of the 
University of Michigan and the Scripps 
Foundation for Research in Population 
Problems cooperated in this study of 
family planning and fertility. The 2713 
white, married women who were inter- 
viewed represented a probability sam- 
ple of the national population of some 
17 million white wives aged 18 to 39 
in 1955. The trained interviewers of 
the Survey Research Center met with 
unexpected frankness and cooperation 
in the responses to queries concerning 
attitudes toward, and practices of, fam- 
ily limitation, Interviews were secured 
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with 91 percent of the women in the 
sample and less than % percent of 
those interviewed were unwilling to an- 
swer questions about contraception. 

Summary that does not risk over- 
generalization is difficult, for the ques- 
tionnaire was elaborate and the classi- 
fications were intricate. There are analy- 
ses of sterility and fecundity, the use 
of contraceptives, and attitudes toward 
family limitation, methods of limita- 
tion, and expected family size; each of 
these categories is analyzed in relation 
to the others and to the actual and the 
desired numbers of children. In addi- 
tion, all variables are related to such 
factors as religion, education, income, 
occupational status, the work of wives, 
and community background, and again 
they are considered separately and in 
relation to each other. Throughout the 
findings are striking, and they are con- 
sistent. 

The ghost of biological interpreta- 
tions of declining fertility is banished 
by the results of this study. There were 
no evidences of consistent differences 
in fecundity (the ability to bear chil- 
dren) between women of the various 
social and economic strata. The influ- 
ence of impairments on fertility (actual 
childbearing) was limited by the fact 
that couples desired only a few children 
anyway. However, there are surprising 
findings in this report. Nine percent of 
all the women interviewed had been 
sterilized, many of them for contracep- 
tive purposes. One in four of the wives 
who had ever been pregnant had had at 
least one fetal death. And approxi- 
mately 13 percent of all completed 
pregnancies had been terminated with 
a fetal death rather than a live birth. 

The fundamental finding of this 
study of a group of white, married 
women who constituted a probability 
sample of the national population was 
that most couples had a fairly specific 
idea of how many children they wanted, 
used contraceptives to space their chil- 
dren and to prevent conception when 
they had the desired number, and were 
teasonably successful in limiting the 
number of children if not always in 
precise spacing of the children. There 
were differences among subgroups in 
the dynamics of family formation, in 
attitudes toward and use of contracep- 
tives, and in size of the completed 
family. Religion and educational level 
were more closely related to fertility 
variables than were income, occupa- 
tional status, or community back- 
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ground, but a majority of the couples 
in all groups used some control method, 
and the predominant family in all 
groups was small. There was nation- 
wide convergence toward the two-, 
three-, or four-child family as the ideal, 
the expected, and the fact. 

Forecasts of future births utilized 
the past experience of cohorts of 
women, the marriage rates and the birth 
rates of ever-married women in the 
various cohorts, and the expectations 
expressed by wives in the study about 
the size of their completed family. In 
specific terms: 

“The medium fertility projections for 
ever-married women assume a rise in 
family size to about 3 births per woman, 
with a timing pattern similar to that 
being developed by cohorts of the 
1930s. The low series is based on a re- 
turn to the small families (averaging 
about 2.5 births) of the cohorts of 
1906-15 and a partial return to their 
older ages at marriage and childbear- 
ing. The high series allows for births 
per ever-married woman to rise to 3.3 
(the maximum expectation of the wives 
interviewed) and for some continuation 
of the recent tendency to marry and 
have babies at younger ages” (page 
372). 

The three series of estimates of births 
were utilized in combination with con- 
servative assumptions of future declines 
in mortality and continued net immigra- 
tion in preparing three series of projec- 
tions about future populations. The 
population used as a base was 171 mil- 
lion for the year 1955. The populations 
as of 1980 were 215 million for the low 
projection, 239 million for the medium 
projection, and 262 million for the high 
projection. The medium projection is 
the most interesting model, for it as- 
sumes a continuation of the marriage 
and birth-timing patterns of the women 
born in the 1930’s with a completed 
family size of three births per ever- 
married woman. This is a small family 
pattern, and it yields an annual rate of 
population growth of only 1.3 percent 
a year in the last quarter of the cen- 
tury. Yet the continuation of the three- 
child family under the assumed condi- 
tions of early marriage and early child- 
bearing within marriage would produce 
a population of 312 million by the year 
2000 and a population of 600 million 
by the year 2500. 

Let me add quickly that the authors 
stress again and again the implications 
of their study for continuing and wider 


research. The swift development of the 
two- to four-child family as a nation- 
wide ideal and the almost nationwide 
achievement of a correspondence be- 
tween the number of children desired 
and the actual number of children is 
incontrovertible evidence that values 
and behavior in family formation are 
not static. Repetitive surveys are needed 
to determine the patterns of correspond- 
ence between stated expectations and 
performance and to ascertain shifts in 
expectations as they occur. There is the 
further vast field of research on those 
factors that are associated with shifts 
in expectations as they relate to com- 
pleted fertility, and with the timing of 
the actual births that lead to a rough 
equivalence of expectations and com- 
pleted family size at given levels of 
expectations. 

IRENE B. TAEUBER 
Office of Population Research, 
Princeton University 


Ten Steps into Space. Monograph No. 
6, Journal of the Franklin Institute. 
Franklin Institute, Philadelphia, Pa., 
1958. x + 202 pp. Illus. $4. 


The ten steps of this small paper- 
back book consist of ten lectures (by as 
many experts) given in a series at the 
Franklin Institute in the spring of 1958. 
Although intended for engineers and 
scientists, most of the material is not 
highly technical, and much of it is 
definitely on the popular level. The 
success of the lecture series led to the 
decision to attempt to reach a wider 
audience by publication in book form. 

In the first lecture, Ley describes the 
story of space travel from the earliest 
speculations to the successes of today, 
and discusses vividly and simply many 
of the books, both scientific and science- 
fiction, that have appeared on the sub- 
ject. Stehling’s lecture, concerned with 
the fundamental components of rockets 
and their operation, is carefully devel- 
oped in nontechnical terms. Richey 
compares solid, liquid, and nuclear fuels 
and discusses their characteristics in 
rather complete technical detail. Singer 
covers the various kinds of information, 
such as radiation and magnetic fields, 
that can be obtained from satellite 
flights, as well as the experimental 
techniques involved. Herget succeeds in 
describing celestial mechanics in a way 
that involves practically no mathemat- 


857 


ics, but he covers the work of Kepler 
and Newton and the principles of mod- 
ern, man-made satellite flight. An in- 
teresting and detailed description of one 
particular satellite flight, that of Ex- 
plorer I, is the subject of Heller’s 
lecture. The most technical account in 
the book is Ehrcke’s detailed mathe- 
matical analysis of satellite motion; 
King’s discussion of the known data 
concerning the atmospheres of Venus 
and Mars is also technical. Simon gives 
an interesting description of biological 
physics, and includes a fascinating de- 
scription of his own balloon flight to an 
altitude of approximately 90,000 feet. 
The series concludes with Levitt’s stim- 
ulating discussion of the future space 
possibilities of fission, fusion, and solar 
energy (solar-sailing and photon-rock- 
ets are included); the strange relativistic 
effects that will occur at speeds ap- 
proaching the speed of light are also 
considered. 

The eminent scientists who delivered 
these lectures seem to have made a 
serious effort to get information across 
to the nonexpert. In almost all cases, 
they have succeeded well in accom- 
plishing this challenging task. The level 
of most of the articles is about right for 
most of the readers of Science, and the 
book should merit their attention. 

DONALD J. HUGHES 


Department of Physics, 
Brookhaven National Laboratory 


A Treasury of Science. Harlow Shap- 
ley, Samuel Rapport, and Helen 
Wright, Eds. Harper, New York, ed. 
4, 1958. xiii + 776 pp. Illus. $6.95. 


Anthologies are difficult books to re- 
view because the reviewer must exer- 
cise a considerable amount of personal 
and subjective judgment. Either he likes 
the selections the compilers have in- 
cluded in their book or he doesn’t. If the 
latter, he can always compile his own. 

Some years ago I indicated that I 
liked the Treasury of Science [Science 
104, 430 (1946)]. Two editions later, I 
still find the book rewarding reading. 

Arranged by large topics with numer- 
ous subdivisions, the book treats of 
science and the scientist, the physical 
world, the world of man, and the rocket 
and the atom. It is, of course, not pos- 
sible to list all of the authors included 
in this scientific smorgasbord. Suffice it 
to suggest, therefore, that the interested 
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reader will find tidbits from the writings 
of Sir J. Arthur Thomson, Patrick 
Geddes, Albert Einstein, Alan Gregg, 
and Ivan Pavlov. He will also find selec- 
tions from Copernicus, Galileo, Newton, 
Bacon, Darwin, and Huxley. 

Although most of the material ap- 
peared in the earlier editions, several 
new sections bring the book closer to 
today’s newspaper headlines. Thus, there 
is a report on radio astronomy by 
A. C. B. Lovell, George Wald writes on 
the origin of life, and Warren Weaver 
reviews some of the thinking on the 
genetic dangers of fallout. 

In summary, with this new edition 
The Treasury has attained the status of 
a Classic and deserves to be read as well 
as quoted. 

Morris C, LEIKIND 
National Institute of Neurological 
Diseases and Blindness, 
National Institutes of Health 


Air Pollution Control. W. L. Faith. 
Wiley, New York; Chapman and 
Hall, London, 1959. vii + 259 pp. 
Illus. $8.50. 


This book is intended for those with 
technical training who are not specialists 
in the field of air pollution, as well as for 
intelligent laymen. It is not intended for 
those seeking a comprehensive treatise 
on air pollution, for it does not go into 
any particular phase of air pollution 
from a fundamental standpoint. 

The introductory chapter describes 
the most important problems of air pol- 
lution somewhat superficially. It is sur- 
prising that, in the discussion of prop- 
erty damage, there is no mention of the 
damage to masonry and statuary which 
occurs in England. 

The chapter on meteorology covers 
general factors that influence the sta- 
bility of polluted atmospheres. A discus- 
sion of smoke problems is followed by 
a chapter dealing with other particulate 
materials such as dusts, fumes, and 
mists. Typical data showing the sources 
of dustfall and the concentrations en- 
countered in various areas where air 
pollution exists are given. This material 
includes a section on sampling and the 
appraisal of stacks for dusts and fumes 
as well as brief descriptions of some 
instruments, In my opinion, sampling 
procedures should have been treated 
separately for all cases. Sampling and 
its concepts assume certain knowledge 


which is not readily available to the 
so-called intelligent layman. 

The problem of controlling aerosol 
emissions is discussed in the section on 
dust, with a brief résumé of the various 


devices used, after the discussion of 
sampling. Again, the treatment is de- 


scriptive rather than fundamental. 

The discussion of gases is similar to 
the discussion of the particulate prob- 
lem, with particular emphasis on sulfur, 
dioxide, hydrogen sulfide, and hydrogen 
fluoride. Again, sampling methods and 
control are covered by descriptive ma- 
terials. Odor problems are discussed in 
a separate chapter. 

Because of the author’s personal in- 
terest in automobile exhaust, and be- 
cause of the fact that the Los Angeles 
area has a serious problem in this re- 
spect, the discussion of automobile ex- 
haust and its problems is rather com- 
plete. The treatment will be useful to 
those interested in assessing the present 
status of the Los Angeles problem. 

Separate chapters on air pollution 
surveys and the legal aspects of air pol- 
lution complete the book. 

An overall appraisal indicates that the 
author achieved at least one of his ob- 
jectives. The book presents some con- 
cepts of air pollution to individuals with 
a technical background. I doubt that 
it will appeal to the intelligent laymen, 
as Faith presumed it would. 

LESLIE SILVERMAN 
School of Public Health, 
Harvard University 


New Books 


The ABC of Relativity. Revised edition 
edited by Felix Pirani. Allen & Unwin, 
London; Essential Books, Fair Lawn, N.J., 
1959. 139 pp. $3.75. 

Basic Data on Plasma Physics. Sanborn 
C. Brown. Technology Press and Wiley, 
New York; Chapman & Hall, London, 
1959. 344 pp. $6.50. 

Directory of Nuclear Reactors. vol. 1, 
Power Reactors. International Atomic En- 
ergy Agency, Vienna, Austria, 1959 (order 
from International Publications, 801 Third 
Ave., New York). 214 pp. Paper, $3.50. 

The Exploration of Space. Arthur C. 
Clarke. Harper, New York, rev. ed., 1959. 
214 pp. $4.50. 

Exploring the Structure of Matter. Jean- 
Jacques Trillat. Translated by F, W. Kent. 
Interscience, New York, 1959, 214 pp. 
$4.85. 

A Field Guide to Bird Songs of Eastern 
and Central North America. Houghton 
Mifflin, Boston, Mass., 1959. 2 records, 
$10. The records contain the songs and 
calls of more than 300 species of land and 
water birds. 
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Nitrogen Fixation in Lakes 


Abstract. Incorporation of N* into the 
fixed nitrogen fraction of natural lake 
waters has been studied for the purpose 
of estimating rates of primary nitrogen 
fixation. Experiments in Pymatuning Res- 
ervoir, Pennsylvania, in Lake Mendota, 
Wisconsin, and in two lakes in Alaska in- 
dicate that fixation occurs at measurable, 
sometimes high, rates. 


Our understanding of the nature of 
soil fertility and the availablity of nitro- 
gen under natural conditions expanded 
greatly upon the discovery and subse- 
quent investigation of symbiotic nitro- 
gen fixation in leguminous plants and 
nonsymbiotic fixation by soil microor- 
ganisms. Whether biological fixation of 
nitrogen in situ is a quantitatively im- 
portant feature of the nitrogen metabo- 
lism also of bodies of water is not yet 
known, although marine and _ fresh- 
water biologists have sometimes tacitly 
assumed that this is the case (/). The 
list of organisms known to be capable 
of fixing free nitrogen is long; included 
on it are species of blue-green algae 
(particularly of the genera Nostoc and 
Anabaena, but also of Tolypothrix, 
Calothrix, and others), common and 
often abundant constituents of fresh- 
water plankton, as well as Azoto- 
bacter and photosynthetic bacteria, in- 
cluding some that have been isolated 
from the water and mud of Lake Men- 
dota, Wisconsin (2). Organisms capable 
of fixing nitrogen are therefore known 
to occur in the aquatic environment; it 
remains only to show that they con- 





Instructions for preparing reports. Begin the re- 
port with an abstract of from 45 to 55 words. The 
abstract should not repeat phrases employed in 
the title. It should work with the title to give the 
reader a summary of the results presented in the 
report proper. 

Type manuscripts double-spaced and submit one 
ribbon copy and one carbon copy. 

Limit the report proper to the equivalent of 
1200 words. This space includes that occupied by 
illustrative material as well as by the references 
and notes. 

Limit illustrative material to one 2-column fig- 
ure (that is, a figure whose width equals two col- 
umns of text) or to one 2-column table or to two 
l-column illustrations, which may consist of two 
figures or two tables or one of each. 

For further details see “Suggestions to Contrib- 
utors” [Science 125, 16 (1957)]. 
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Reports 


tribute significantly to the supply of 
fixed nitrogen there. 

We have used uptake of the stable 
isotope N” as a measure of nitrogen fix- 
ation in lake water. Our method em- 
ploys preliminary removal of dissolved 
atmospheric nitrogen from water sam- 
ples contained in special 1000-ml 
closed vessels by aeration with an 80:20 
helium-oxygen mixture at a pressure of 
0.8 atm. Sufficient Ne containing 95 
atom percent N” is then added to bring 
the pressure within the vessel to ap- 
proximately 1 atm, and the system is 
equilibrated by shaking. Samples are 
incubated either in the lake at the 
depth from which the water was 
originally collected or under specified 
laboratory conditions. Subsequent treat- 
ment is essentially the same as that 
applied by Rittenberg, Keston, Rose- 
burg, and Schoenheimer (3) and by 
Burris, Eppling, Wahlin, and Wilson 
(4) in their studies (5). 

Preliminary measurements were 
made on the following lakes in 1958 
(samples were incubated in the lake): 
(i) Little Kitoi and Upper Jennifer 
lakes, Afognak Island (Kodiak region), 
Alaska; (ii) Pymatuning Reservoir 
(Sanctuary Lake), Pennsylvania; (iii) 
Lake Mendota, Wisconsin. 

The amount of N* incorporated into 
the fixed-nitrogen fraction was esti- 
mated in all of these instances by sub- 
tracting the measured atom percent N” 
of laboratory air from that of the fixed- 
nitrogen fractions of the samples after 
incubation. It has become obvious that 
this method overestimates the excess 
of N” for two reasons. (i) Air is not 
an adequate standard because it gives 
a value about 0.002 atom percent lower 
than Ne from ammonium sulfate which 
has gone through the conversion pro- 
cedure. The latter, therefore, provides a 
standard more comparable to the actual 
samples. (ii) Lake-water blanks ster- 
ilized and carried through the entire 
experimental procedure appear to be 
enriched by about 0.004 atom percent 
N”, as compared with ammonium sul- 
fate. We have, therefore, applied a cor- 
rection of —0.006 atom percent to 
these data, not having used adequate 


blanks at the time the measurements 
were made. Rates computed in this 
way are obviously not particularly re- 
liable but may be used as preliminary 
estimates. Seven measurements made in 
the Alaskan lakes during July and Au- 
gust yielded rates of fixation ranging 
from 0 to 0.0047 ug of nitrogen per 
liter per day. Fixation was not detectable 
in a single experimental series from 
Lake Mendota in late October. A single 
series from Pymatuning Reservoir on 
4 October yielded rates of incorpora- 
tion far too high to be canceled by the 
most conservative corrections for the 
blank, of the order of 0.8 ug of nitro- 
gen per liter per day. This figure is based 
on duplicate samples, the results of 
which agreed within 1 percent. There is 
no reason to doubt that here nitrogen 
was fixed at a high rate. For all experi- 
ments in 1958, incubation periods 
ranged from 4 to 6 days. 

In more recent experimental series 
from Pymatuning Reservoir (beginning 
20 April 1959) use has been made of 
certain technical refinements: (i) re- 
agent-grade ammonium sulfate (instead 
of laboratory air) was used as a pri- 
mary standard for isotope ratio; (ii) 
lake-water blanks were carried through 
the entire procedure after initial auto- 
claving within the experimental vessels; 
and (iii) all experimental vessels were 
autoclaved prior to the introduction of 
the sample, sterile procedure being 
observed subsequently. Water for these 
experiments was collected at Pymatun- 
ing, transported to Pittsburgh, and 
treated as described above about 8 
hours after collection; samples were 
incubated under constant illumination 
at 15°C (approximately the temperature 
of the water when it was collected) for 
varying lengths of time. The results are 
given in Fig. 1 as atom percent N” 
(excess over ammonium sulfate and 
sterile lake-water blank) plotted against 
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Fig. 1. Incorporation of N” by surface 
water taken from Sanctuary Lake, Pyma- 
tuning Reservoir, Pennsylvania, on 20 
Apr. 1959, incubated under constant il- 
lumination at 15°C. 








time of incubation. The curve appears 
to be characterized by two rates of 
fixation, one of about 0.021 ug of 
nitrogen per liter per day during the 
first 58 hours, the other of about 0.068 
ug of nitrogen per liter per day during 
the rest of the experiment (6). 
RICHARD DUGDALE 
VERA DUGDALE 
Department of Biological Sciences, 
Pymatuning Laboratory of Field 
Biology, University of Pittsburgh, 
Pittsburgh, Pennsylvania 
JOHN NEESS 
JOHN GOERING 
Department of Zoology, 
University of Wisconsin, Madison 
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Sensory Deprivation and Visual 
Speed: An Analysis 


Abstract. Speeds of moving objects were 
markedly underestimated by human ob- 
servers after prolonged patternless visual 
stimulation. Even greater underestimation 
followed exposure to a “noisy” visual field; 
on the other hand, exposure to a hyper- 
stable field caused overestimation. The ef- 
fects of external visual noise simulate 
those of deprivation; this finding suggests 
that similarly disordered but spontaneous 
neural discharge dominates the visual 
nervous system in deprivation. 


Experiments in sensory deprivation 
have been made to explore the conse- 
quences of prolonged exposure to visual 
fields in which normal spatiotemporal 
variation is sharply reduced. Results of 
experiments performed at McGill Uni- 
versity (J) suggest that the apparent 
speed of a moving line markedly 
changes as one consequence of long- 
term exposure to an illuminated but 
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patternless visual field. After such dep- 
rivation, observers reported that a 
straight black line slowly rotating 
against a dimly lit screen looked S- 
shaped. This distortion was attributed 
to an induced “perceptual lag”: the 
ends of the line lag behind the center. 

In preliminary investigations we 
found no evidence for a perceived dis- 
tortion of the line. Instead, the apparent 
speed of the entire line was clearly 
reduced. Consequently, in further in- 
vestigations we have used an apparatus 
(Fig. 1) designed to measure and thus 
quantify changes in apparent speed (2). 
The observer was instructed to fixate 
a black dot 1 m distant at eye level. 
He then saw a black bar (Fig. 1, A) 
sweep, like the second hand of a 
clock, through 90 deg from a horizontal 
to a vertical position, at a rate of 60 
deg/sec. At the vertical, the bar dis- 
appeared from the observer’s sight be- 
hind a screen. His task was to judge 
when the now-hidden bar would reach 
a fixed marker (Fig. 1, B) 10 deg 
beyond. This judgment was based on 
the observer’s estimate of the speed of 
the bar during its visible 90 deg of 
travel. When he judged that the hidden 
bar had traversed the 10 deg to reach 
the marker, he stopped the coupled time 
clock (Fig. 1) which gave a measure of 
the apparent speed of the bar. The 
average of the initial judgments made 
by practiced observers was very close 
to the actual travel time. Twenty trials 
per observer were made before and 
after each experimental exposure. 

In a first test to evaluate our interpre- 
tation of the McGill results, seven ob- 
servers were deprived of patterned 
vision for 8 hours under conditions 
similar to those of the McGill study (3). 
The observers, lying on cots, were 
subjected to a masking acoustic noise 
at the maximum tolerable level; they 
wore tubes over their arms and hands 
and translucent goggles over their eyes. 
The goggles provided only a homogene- 
ously illuminated, nonpatterned field 
of vision. After deprivation, each of 
the seven observers judged the speed of 
the sweep to be less (by an average of 
16 percent) than he had initially judged 
it to be. The observers showed no ac- 
companying change in simple motor 
reaction time. Having demonstrated 
and measured this consequence of gen- 
eralized deprivation, we proceeded to 
further analyses. 

Each of 12 observers was instructed 
to fix his gaze on the center of a pat- 
ternless but illuminated circular field 
(intensity 0.2 ml) subtending 43 visual 
degrees in an otherwise dark field (pat- 
ternless exposure field). Although only 
visual input was controlled, a significant 
reduction in apparent speed was pro- 


Table 1. Changes in apparent speed after % 








hour of exposure. Exposure fields: H, 
hyperstable; D, dark; P, patternless; N, 
noisy. 
Expo- Change Significance* 
sure in speed of differences between 
field (%) conditions 
H +4148 \ 05 
D — 48 " 01 

( N.S.7 .001 
P —10.1 .02 

Lwst 
N —19.6 





* Significance levels derived from an analysis of 
variance. + Not significant. 


duced with only % hour of exposure 
(Table 1). This test demonstrates that 
control of extravisual stimulation is 
not essential for obtaining the change 
in apparent speed. 

Comparable experimental situations 
were then used to explore the effects 
of exposing the same observers to three 
other test fields devised on the basis 
of the following speculation. In the 
absence of normal stimulation coming 
from patterned fields, there is reason 
to suspect that the visual nervous sys- 
tem exhibits spontaneous and pattern- 
less activity (4). Dominance of the 
visual system for long periods by such 
intrinsic noise may result in reduction of 
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Fig. 1. Apparatus for measuring apparent 
speed. A, Rotating sweep; B, fixed marker. 
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apparent speed. According to this rea- 
soning, even greater reduction should 
result from exposing observers to a bar- 
rage of randomized visual stimulation 
(extrinsic noise). An electronic device 
was used to produce a continually 
changing display of dots on the face of 
a 14-inch television tube. The resulting 
pattern may be called visual noise and 
defined as a changing pattern of dots 
devoid of redundancies of position or 
intensity (noisy exposure field). At the 
opposite extreme from visual noise 
there is stimulation with minimal 
temporal variation—a condition that 
can be produced by exposure to a 
fixed pattern, called here a hyperstable 
field because of the absence of 
even that amount of object-move- 
ment found in everyday scenes. To 
achieve comparability of exposure 
conditions we used a still photograph of 
the picture-tube display which showed 
the set of dots available at one in- 
stant (hyperstable exposure field). Such 
stimulation may suppress intrinsic noise 
to a degree greater than normal and 
hence cause an increase in apparent 
speed. 

Finally, the observers were kept alert 
in total darkness for a comparable 
period (dark exposure field). Under 
the latter three test conditions, illumina- 
tion level and field size (except for the 
dark exposure field), exposure time, 
and other controlled variables were 
equated with those of the first test. 
The order of presentation was varied 
for the 12 observers. The resulting 
changes in apparent speed are shown 
in Table 1. An analysis of variance 
showed that the differences among con- 
ditions were significant beyond the 
001 level. 

Thus, a method has been developed 
for quantifying one consequence of 
visual deprivation. Tests in which this 
method was used have yielded results 
consistent with the following proposi- 
tions: (i) Simulation and enhancement 
of an aftereffect of visual deprivation 
through exposure to a noisy visual field 
implies that deprivation entails the ran- 
domization of sensory-neural activity 
rather than the diminution or absence 
of such activity. (ii) Production of an 
aftereffect opposite to that of depriva- 
tion, after exposure to a hyperstable 
field, implies that typical exposure fields 
have relevant noise characteristics 
somewhere between those of the noise 
used and those of the hyperstable field. 
(iii) The normal stability of speed per- 
ception depends upon continuous ex- 
posure to the typical environment. 

RICHARD HELD 

BuRTON WHITE 
Department of Psychology, Brandeis 
University, Waltham, Massachusetts 
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Protection by Sulfur Compounds 
against the Air Pollutants 
Ozone and Nitrogen Dioxide 


Abstract. Two distinct but related path- 
ways of protection against the lethal effects 
of ozone and nitrogen dioxide are shown 
by (i) simultaneous inhalation of com- 
pounds that furnish —SH or —SS—, or both, 
and (ii) by injection of thiourea deriva- 
tives several days prior to exposure to 
these oxidant gases. The mechanism of 
(i) is believed similar to that proposed for 
the action of radiation-protective com- 
pounds; that of (ii) involves the develop- 
ment of a tolerance initiated by the 
thiourea against the oxidants. 


Ozone (O,) and nitrogen dioxide 
(NO,) are potent respiratory irritants 
which may be injurious when inhaled 
(J, 2), and evidence exists that the 
concentration of O, in urban air is 
damaging to plants (3). Nitrogen di- 
oxide, in addition to acting as a pul- 
monary irritant, acts as a precursor of 
O, in oxidant smogs by photochemical 
dissociation (4). 

In tests designed to determine the 
acute toxicologic effects of combina- 
tions of either known or suspected air 
pollutants, we found that certain sulfur 
compounds were effective in counter- 
acting the toxic action of O, and NO,,. 
Partial protection by ascorbic acid 
against acute lethal effects of O, has 
been previously reported from our lab- 


oratories (5) as well as by Mittler (6), 
who also found slight protection by 
sodium thiosulfate. Mittler’s conclusion 
that “compounds which protect against 
death by radiation . . . are not effective 
against ozone poisoning” is not sup- 
ported by our work, however. Tests 
involved the inhalation exposure of 
mice to an approximate LC. of either 
O, or NO, simultaneously with one or 
more sulfur compounds. In some in- 
stances the sulfur compounds were ad- 
ministered intraperitoneally prior to 
inhalation of the oxidant. Mortality re- 
sulting from a 4-hour exposure, as 
compared with the mortality from a 
control exposure to oxidant alone, re- 
flected enhancement or suppression of 
O, or NO, toxicity as influenced by 
the sulfur compound. Methods of gen- 
eration and analysis of O, and vapor 
concentrations of sulfur compounds 
have been described elsewhere (5, 7). 
Gaseous sulfur compounds and NO, 
were similarly administered from cylin- 
ders in metered amounts and diluted to 
the desired concentration with purified 
air. The Saltzman method was used 
for NO, analysis (8). 

The data in Table 1 represent se- 
lected results of a series of tests which 
show the maximal protection found for 
each sulfur compound. Comparison of 
mortalities in sulfur-treated versus con- 
trol groups indicates the degree of pro- 
tection afforded. Hydrogen sulfide (H,S) 
gave significantly greater protection 
against oxidant exposure, particularly 
NO,, than other sulfur compounds. On 
a molar basis H,S protected in a ratio 
of 1/55 moles of NO,, whereas ben- 
zenethiol, next in order of effectiveness, 
protected in a ratio of 1/5.4. Higher 
molar ratios of sulfur compounds were 
required for protection against O,, how- 
ever; for benzenethiol 1.5 mole/ mole of 
O,, and for H,S, 2 mole/mole of O,. 


Table 1. Effect of sulfur compounds on the toxicity of nitrogen dioxide and ozone for mice. 
Mortality at 24 and 72 hours is indicated by deaths/number of mice tested. 

















Mortality 
Av. Av. concn. of 
Sulfur compound concn. oxidant (ppm) S treated Oxidant alone 
(ppm) 

NO2 O3 24hr 72hr 24hr( 72hr 
1-Hexanethiol 145 78 0/20 1/20 10 /20 11/20 
1-Hexanethiol 115 4.1 1/20 2/20 10 /20 10/20 
Methanethiol 65 4.8 2/15 2/15 9/15 9/15 
Dimethyl disulfide 45 83 5/20 5/20 10/20 11 /20 
Dimethyl disulfide 21 mg /kg* 80 4/20 4/20 13 /20 13 /20 
Dimethyl disulfide 21 mg /kg* 4.6 2/20 2/20 10 /20 12/20 
Hydrogen polysulfide 20 mg /kg* 105 8 /25 8 /25 16 /25 18 /25 

Di-tert-butyl disulfide 24 84 4/15 9/15 
Benzenethiol 14 76 1/20 1/20 10/20 10 /20 
Benzenethiol 9 6.1 1/20 3/20 11/20 12 /20 
Hydrogen sulfidet 11 4.9 7/35 7/35 17 /35 18 /35 
Hydrogen sulfidet 1.5 82 1/20 2/20 10/20 10/20 

Thiophene 180 85 9/15 8/15 

Dimethyl sulfide 195 4.6 14/30 14 /30 





* Administered by intraperitoneal injection. 


t An aged technical grade. 
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Certain —SS— compounds also gave 
protection against oxidant toxicity; both 
dimethyl disulfide and hydrogen poly- 
sulfide significantly protected intraperi- 
toneally injected mice, and dimethyl di- 
sulfide and tert-butyl disulfide protected 
via inhalation. It is noted that purified 
H,S provided less protection than that 
shown in Table 1 for a technical grade. 
This difference in protective ability is 
attributed on infrared evidence to the 
presence of —SS—, possibly hydrogen 
polysulfide, in the technical H,S, and 
inasmuch as addition of —SS— to puri- 
fied H,S reinforced its protective ability. 

The antagonism of oxidant toxicity 
by sulfur compounds is physiologic and 
not the result of chemical combination 
prior to inhalation to form less active 
compounds. Analyses of chamber at- 
mosphere for oxidant gas showed es- 
sentially no change upon addition of 
sulfur compounds. Moreover, protection 
was conferred by the injected com- 
pounds. Histologic examination of pul- 
monary tissue showed degrees of tissue 
change that paralleled the protective ef- 
fect. Pulmonary edema and cellular in- 
filtration, characteristic responses of oxi- 
dant exposure, were markedly inhibited 
in the protected groups. 

The mechanisms involved in the pro- 
tection are, as yet, unknown. The func- 
tional unit appears to be —SH or —SS—, 
or both, but not —S—; dimethyl-sulfide 
and thiophene were ineffective. Signifi- 
cantly, —SH and —SS— are character- 
istic of compounds conferring protection 
against ionizing radiation (9). Brinkman 
and Lamberts (/0) have called atten- 
tion to the possible radiomimetic prop- 
erties of O, by showing that O, and 
irradiation produced the same defect in 
oxygen consumption of the skin of the 
finger; also cysteamine was equally pro- 
tective against the effects of both agents. 
Likewise, Fetner (/1) has shown a simi- 
lar capacity of O, and x-rays to produce 
chromosomal aberrations in Vicia faba. 
The action was presumably mediated 
through the OH and HO, radicals formed 
from the aqueous decomposition of O,; 
the separate effects of O, plus irradia- 
tion were fully additive. 

Single injections of MEG (2-mercap- 
toethylguanidine-HBr), highly protective 
against radiation at 200 mg/kg, gave 
modest protection against NO, (mor- 
tality: 8/20 S treated, versus 12/20 for 
NO, alone) and O, (13/20 versus 
19/20). When given in a series of three 
injections (100 mg/kg on each of 3 
days), however, MEG provided great- 
er protection (2/20 versus 10/20 for 
NO, alone). Similarly, 0.04 mg/kg of 
BAL (2,3-dimercaptopropanol) pro- 
vided some protection to mice exposed 
to NO, (6/22 versus 12/22 for NO, 
alone) but did not decrease O, toxicity 
(13/25 versus 12/25 for O, alone). 
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Thus, there is similarity of action of pro- 
tective compounds which favors the view 
that the mechanism of action of the oxi- 
dants O, and NO, may be in part simi- 
lar to that of x-irradiation. 

Another means of protecting against 
the lethal effects of NO, and O, was 
achieved by still other sulfur compounds, 
a-naphthylthiourea (ANTU) and phen- 
ylthiourea (PTU). Mice exposed to 5.8 
ppm of O, the day following the last of 
3 intraperitoneal injections of ANTU 
(10 mg/kg every other day) and rats 
which received 128 ppm of NO, 18 
days after administration of ANTU (8 
mg/kg) showed marked tolerance to 
the oxidants. Comparative mortalities 
were: mice, 0/15 versus 12/15 for con- 
trols; rats, 1/6 versus 6/6 for controls. 
Similarly, PTU (8 mg/kg) given in four 
injections every other day and exposed 
to either O, or NO, 3 days after the 
last injection produced good protection 
(4/10 versus 9/10 for O, alone, and 
4/10 versus 8/10 for NO, alone). Al- 
though the mechanism presumably still 
involves reactive sulfur constituents, the 
pathway is obviously different from that 
mediated by —SH and —SS— com- 
pounds because the tolerance afforded 
by ANTU and PTU persists, a condi- 
tion not met by the simple —SH and 
—SS— compounds. Also, unlike —SH 
and —SS—, simultaneous treatment with 
oxidant and ANTU (itself a potent pro- 
ducer of pulmonary edema) produces 
additive toxicity, instead of protection. 
It has been demonstrated ‘that rats de- 
velop a marked tolerance to ANTU 
(12) and also to O, (J). The cross 
tolerance between ANTU and oxidant 
indicates that the basic mechanisms may 
be similar. Furthermore, it appears that 
the tolerance mechanism is related to 
the edema mechanism, and the latter to 
sulfur balance, inasmuch as —SH (cys- 
teine) blocks the lethal effects of ANTU 
(13), whereas —SH or —SS-—, or both, 
reduces oxidant toxicity. 

It is felt that the antagonism to oxi- 
dants displayed by certain sulfur com- 
pounds is highly significant for the in- 
sight it provides concerning possible 
mechanisms for protection against air 
pollutants, and also toward elucidation 
of the hitherto unexplained toxic action 
of oxidants (/4). 

Epwarp J. FatRcHILp II 
SHELDON D. MuRPHY 
HERBERT E. STOKINGER 
Occupational Health Program, U.S. 
Public Health Service, Cincinnati, Ohio 
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Uridine Isomer (5-Ribosyluracil) 
in Human Urine 


Abstract. A substance isolated from 
human urine by anion exchange absorption 
and paper chromatography was found to 
correspond in its ultraviolet absorption 
spectrum and chromatographic mobilities 
with a uridine isomer (5-ribosyluracil) re- 
cently described as a component of yeast 
ribonucleic acid. 


In 1957 Davis and Allen (J) re- 
ported the isolation from yeast ribo- 
nucleic acid of a new nucleotide (“the 
fifth nucleotide”) and described its 
physical and chemical properties, nota- 
bly a characteristic bathochromic shift 
in the ultraviolet absorption spectrum 
at alkaline pH. The corresponding 
nucleoside, prepared by the action of 
intestinal phosphatase, was subjected to 
hydrazinolysis, and the carbohydrate 
component was identified as p-ribose. 
Cohn (2) also obtained from yeast 
ribonucleic acid an “apparently modi- 
fied uridylic acid” identical with the 
“fifth nucleotide” of Davis and Allen. 

The structure of this new nucleotide 
proved to be of unusual interest. Recent 
investigation by Yu and Allen (3) re- 
vealed that the nitrogenous component 
is uracil and that the p-ribose, which has 
the furanose configuration, apparently 
is attached to the pyrimidine ring at the 
5 position. Methylation studies by Scan- 
nell, Crestfield, and Allen (4) also indi- 
cated the structure to be 5-ribosyluracil. 
Further evidence for this formulation 
was obtained by Cohn (5) by means of 
periodate oxidation and nuclear mag- 
netic resonance spectra. The C—C 
ribosyl linkage reported for the uridine 
isomer is unique thus far for compo- 
nents of nucleic acid, but C—C gly- 
cosyls occur in certain natural products 
(6). 

A compound identical in spectral and 
chromatographic properties with this 
isomer of uridine was encountered in 
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Table 1. Spectral data for the urinary substance and for 5-ribosyluracil from yeast ribonucleic 


acid (from 3). 











Ratios 
pH Amax. Amin. 
(my) (my) 250/260 280/260 290/260 300/260 
Yeast Ribonucleic Acid 

z 263 234 0.43 0.07 

12 286 245 0.64 2.09 2.16 1.22 
Urine 

2 263 233 0.75 0.43 0.08 

12 287 246 0.65 2.09 2.19 1.29 





the course of an investigation of nucleo- 
sides occurring in urine in man (7). 
The urine of two adult males was 
studied. One was a normal subject; the 
other was gouty. Both abstained from 
consumption of tea and coffee for the 
period of study. The urine specimens 
were adjusted to pH 9 with ammonium 
hydroxide and were filtered. The filtrate 
was allowed to percolate through an 
amount of Dowex 2 (8X, 20-50 mesh) 
ion-exchange resin in acetate form 
equivalent to one-sixth of its volume. 
After washing-in with ammonium ace- 
tate buffer (pH 9) and water, the col- 
umn was eluted with water. The aque- 
ous eluate was collected in 4% column- 
volume fractions until the initial E}<"., 
of 15.0 decreased to a value of 0.3. The 
combined fractions were evaporated to 
dryness under reduced pressure and at 
temperatures below 50°C. The residue 
was extracted with 60 percent aqueous 
ethanol. The extract brought to dryness 
in vacuo was dissolved in a minimum 
amount of water and applied to What- 
man 3 MM filter-paper sheets for de- 
scending two-dimensional chromatogra- 
phy (8). A solvent system composed of 
n-butyl alcohol and 0.6M ammonium 
hydroxide (6:1) (9) was used in the 
long dimension of the sheet for 58 
hours, and a system composed of n- 
butyl alcohol, formic acid, and water 
(77:11:12) (JO) in the second direc- 
tion for 17 hours. A spot which strongly 











1.0 
3 
8 
= 
¢.7 
= 8 
3 5 
.° 
2° 4 
3 
: 3 
2 
«lt 
ae 
0 7 , ‘ , ' , t ' ' , ' ' , , 
220 240 260 280 300 320 340 360 
Wavelength (my) 


Fig. 1 Absorption spectra of the urinary 
uridine isomer. 
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absorbed ultraviolet light, located near- 
est the origin of the chromatogram, 
contained the uridine isomer. An ex- 
tract of this spot gave the absorption 
spectrum shown in Fig. 1. The close 
correspondence of the spectral data with 
those reported for the uridine isomer 
derived from yeast ribonucleic acid by 
Yu and Allen (3) is indicated in 
Table 1. 

A comparison of the chromatograph- 
ic mobilities of the two compounds in 
four solvent systems was made (//). 
The relative mobility values of the spot 
extract coincided with those of authen- 
tic 5-ribosyluracil. Thus, in solvent sys- 
tem A [isobutyric acid, ammonia (0.5) 
(10:6)], the relative mobilities of the 
authentic sample and of the urinary 
product were 0.88 and 0.85, respec- 
tively (mobility of uridine = 1.0); in 
solvent system B [isopropanol, acetic 
acid, water (6:3:1)], 0.66 and 0.60; in 
solvent system C [tertiary amyl alcohol, 
water, formic acid (6:3:1)], 0.76 and 
0.73; in solvent system D_ [butanol, 
water (86:14)], 0.53 and 0.48. 

With three solvents (A, B, and C) 
the urinary product appeared homo- 
geneous. The fourth solvent (D), how- 
ever, revealed a small residual spot at 
its origin, indicating some impurity. We 
therefore used solvent D for further 
purification of a larger sample by band 
chromatography, obtaining a micro- 
crystalline product. 

A rough estimate of the amounts of 
the uridine isomer excreted in 24 hours 
was obtained by applying the figure for 
Emax — 7.5 X 10° at pH 2 given by Yu 
and Allen (3) to the spot extracts. 
Values of 18 mg/24 hr for the urine of 
the normal subject and 41 mg/24 hr 
for the urine of the gouty subject were 
obtained. Further studies are in progress 
to determine whether these differences 
in the gouty and nongouty subjects are 
consistent. In any event, both figures 
are in excess of the quantities of free 
purine bases reported previously in 
human urine (8). 

The possibility that the uridine isomer 
found in the urine is derived from the 
diet is not excluded, although foods 
rich in nucleic acids, as well as coffee 
and tea, were omitted by the two sub- 








jects investigated. An endogenous origin 
is considered more likely, however. 
This would imply that the new uridine 
isomer occurs in human tissue, and this 
is in accord with the reported presence 
of the isomer in dog pancreas (/2). It 
may belong to the class of naturally 
occurring “additional” nitrogenous con- 
stituents of ribonucleic acid which thus 
far are known to include 5-methylcyto- 
sine, various methylated purines, and 
thymine (/3). 
Max ADLER 
ALEXANDER B. GUTMAN 


Mount Sinai Hospital and 
College of Physicians and Surgeons, 
Columbia University, New York 
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Production of Large Amounts of 
Plant Tissue by Submerged Culture 


Abstract. The growth rate of plant tis. 
sue cultures is substantially increased 
through the use of a large-volume carboy 
system. Aeration is considered to be the 
most important factor. With this system, 
yields of a pound or more of tissue can 
be obtained within 2 weeks. 


The methods of plant tissue culture 
have suggested a way to put the meta- 
bolic systems of plants to work under 
controlled conditions. A prerequisite 
for the most efficient use of this idea 
would be the large-scale production 
under submerged conditions of the 
tissue or tissues involved. Although the 
growth of microorganisms under these 
conditions is now commonplace, and 
advances in this direction with animal 
cells and tissues have been made (J), no 
such work has been reported for plants. 








rig, 1. 
Aeration and agitation are accomplished 
by the introduction of compressed air (on 
the left) through a side-arm trap and then 
through two Seitz filters, which sterilize 
the air. 


The carboy culture apparatus. 


Since this approach constitutes part of 
the tissue-culture program in this labo- 
ratory, some of our results on the large- 
volume growth of plant tissue cultures 
are presented here. 

The principal tissue used for large- 
volume culture was one obtained from 
Paul’s Scarlet rose stems. This tissue 
was selected because of its rapid growth 
rate on solid media and the fact that it 
grows well in liquid culture. The me- 
dium used for carboy studies was made 
up of White’s basal medium (2), 2, 4- 
dichlorophenoxyacetic acid (6 parts per 
million), yeast extract (0.1 percent), 
and malt extract (0.1 percent). 

The inoculum for the carboy is pre- 
pared by taking the tissue culture from 
a test tube and placing it in liquid me- 
dium in a 300-ml erlenmeyer flask. This 
culture is then agitated on a New Bruns- 
wick gyrorotatory shaker. After 1 week’s 
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Fig. 2. Growth curves for Paul’s Scarlet 
rose stem tissue grown in carboy culture 
and in erlenmeyer flasks. The growth 
value equals the ratio (final fresh weight): 
(initial fresh weight). 
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growth, the contents of one flask (the 
culture in 100 ml of medium) is trans- 
ferred to a Fernbach flask containing 
900 ml of medium. This flask is also 
aerated and agitated by shaking. After 
an additional week’s growth, the Fern- 
bach culture (1000 ml) is inoculated 
into a 20-liter carboy containing 9 liters 
of medium. This is the final stage of 
this particular scale-up. For purposes 
of aeration and agitation of the culture 
during growth, the carboy is fitted with 
stainless-steel tubing to receive com- 
pressed air, which is sterilized by pas- 
sage through two Seitz filters (Fig. 1). 
In addition, appropriate connections are 
included for an air outlet, the addition 
of medium, and sampling. In all of these 
manipulations, aseptic procedures must 
be followed. 

Samples of the carboy culture were 
made at weekly intervals and compared 
with results obtained from the same tis- 
sue grown on a New Brunswick gyro- 
rotatory shaker in 300-ml erlenmeyer 
flasks containing 100 ml of culture. 
These results, shown in Fig. 2, indicate 
an accelerated rate of growth in the 
carboy for the first 2 weeks. Growth 
values (final wet wt./initial wet wt.) of 
5.5 and 14.9 are attained by the tissue 
grown in the carboy system after 1 week 
and 2 weeks, respectively, as compared 
to growth values of 1.1 and 1.9 for the 
same periods with the shaker cuftures. 

The difference in growth rates be- 
tween these two systems during the first 
week is due to the method of aeration. 
At the end of the first week of growth, 
2 liters of medium were added to the 
carboy; the effect of this supplementa- 
tion is an increase in rate of growth 
during the second week. When no fur- 
ther additions are made, the rate of 
growth drops off sharply, as shown by 
the growth values for the third and 
fourth weeks. 

Other tissues also grow well in this 
carboy system of culture. The data 
available thus far for tissues from Ilex 
stem, Lolium endosperm (3), and Gink- 
go pollen (4) indicate growth increases 
similar to the increase found with the 
Paul’s Scarlet rose stem. The Ginkgo 
pollen tissue, for example, yielded 2 lb 
of cells after 4 weeks in carboy culture. 

Other factors recognized as impor- 
tant in increasing the growth rate of 
plant tissue cultures are those well 
known to microbiologists working with 
large-volume cultures. Besides the ne- 
cessity for an adequate nutrient medium, 
which itself may be improved in nu- 
merous ways, a number of physical fac- 
tors are involved. In addition to the 
method and efficiency of aeration, which 
have already been stressed, the tempera- 
ture of incubation and the means of 
agitation are important. More depen- 
dent on the tissue culture itself are such 





things as the age of the inoculum and 
the particular strain of tissue selected 
for growth. Moreover, the maintenance 
of a maximum growth rate rests on such 
things as timely addition of medium 
supplements, minimizing of foam pro- 
duction, and proper buffering of the 
hydrogen ion concentration. 

From a practical standpoint, the car- 
boy system of culturing plant tissues is 
a step in the direction of decreasing the 
lag phase of growth and increasing the 
ultimate yield. Our results emphasize 
the importance of timely nutritional 
supplements to the medium and of ade- 
quate aeration for the rapid growth of 
certain plant tissue cultures. The aera- 
tion factor receives major consideration 
in microbial “fermentations,” but in- 
vestigations with plant material have 
not been concerned with the growth of 
large amounts of material. In the roller- 
tube technique employed by Steward. 
Caplin, and Millar (5) and the variable- 
speed shaker technique used by Muir, 
Hildebrandt, and Riker (6), aeration has 
been studied, but the aim has not been 
the production of large yields (7). An- 
other difference is that in both of these 
systems the agitation provides the aer- 
ation, whereas in the carboy system the 
aeration provides the agitation and at 
the same time furnishes a continuous 
flow of air. 

WALTER TULECKE 
Louis G. NICKELL 
Phytochemistry Laboratory, 
Chas. Pfizer and Company, 
Brooklyn, New York 
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Pipecolic Acid in Leaves of 
Strawberry Plant as Influenced by 
Treatments Affecting Growth 


Abstract. Growth inhibition due to 
maleic hydrazide spray or to an unsatisfied 
chilling requirement caused young fully 
expanded leaves of the strawberry to ac- 
cumulate pipecolic acid to a very striking 
degree. It is postulated that the accumula- 
tion resulted from blockage in normal 
metabolic conversion to other intermedi- 
ary nitrogenous compounds. 


Pipecolic acid is a naturally occurring 
cyclic imino acid that has been isolated 
from several plants and identified chro- 
matographically in many others (J, 2). 
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Table 1. Nitrogenous fractions in young fully 
expanded strawberry leaves, in relation to treat- 
ments with maleic hydrazide (MH), 1957. 





Nitrogenous fractions 





Pipecolic acid 





Treatment Total* —_ 
and date (ug N/ pg N/ % of 
g g total 
fresh fresh N 
wt.) wt. 
Variety: Sparkle 
None 
8 /22 60.1 0.4 0.7 
9/12 73.3 ES 1.9 
MH, 1000 ppm 
8 /22 56.6 0.4 0.8 
9/12 74.3 4.8 6.5 
MH, 2000 ppm 
8 /22 54.0 0.5 1.0 
9/12 95.1 6.6 7.0 
Variety: Catskill 

None 

8 /25 78.9 1.0 1.4 
9/12 81.3 1.1 0.4 
MH, 1000 ppm 

8 /25 65.3 1.4 2.3 
9/12 94.6 3.2 3.4 
MH, 2000 ppm 

8 /25 73.1 1.6 2.2 
9/12 78.4 9.5 9.7 





* Alcohol-soluble ninhydrin-reacting substances. 


Usually present in low concentration, 
it has been found to accumulate strik- 
ingly in the immature fruit and embryo 
of Phaseolus vulgaris (2). Working with 
that species, Grobbelaar and Steward 
(3) have found that lysine is converted 
to pipecolic acid, which in turn may be 
metabolized to a-amino adipic acid. 

In the strawberry plant (Fragaria chi- 
loensis var. ananassa) pipecolic acid is 
usually not found in very significant con- 
centration among the alcohol-soluble 
ninhydrin-reacting nitrogenous com- 
pounds that are separated by _ two- 
directional paper chromatography. How- 
ever, recent studies have indicated that 
this compound may accumulate dra- 
matically in leaves of strawberry plants 
which are internally inhibited from ac- 
tive growth in spite of exposure to favor- 
able growing conditions, 

In the first of these studies, field- 
grown plants of the varieties Sparkle 
and Catskill were sprayed with aqueous 
solutions containing 1000 and 2000 
parts of maleic hydrazide (MH) per 
million on 20 August and again on 
4 September 1957. By 6 September, the 
growth-inhibiting effects of the MH 
sprays were visible, but there was no 
apparent injury to the leaf surface. Be- 
tween 20 August and 15 September 
samples of young fully expanded leaves 
were taken at intervals of 2 to 3 days 
and preserved in 80-percent alcohol. 
The alcohol extracts were subsequently 
analyzed for amino acids by two- 
directional chromatography, with phenol 
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and butanol-acetic acid used as the sol- 
vents. The pipecolic acid spots were 
identified by position and by their fluo- 
rescence in ultraviolet light. Quantitative 
estimation was accomplished by the pro- 
cedure of Thompson and Morris (4). 
Table 1 shows the pipecolic acid con- 
centrations (micrograms of N per gram 
fresh weight) in young leaves from un- 
treated and MH-treated plants early and 
late in the experimental period. The rise 
in pipecolic acid due to MH was appar- 
ent in the Sparkle leaf samples by ap- 
proximately 12 days after the first 
treatment, and accumulation continued 
progressively until the last sampling 
time. 

In the second study, young Sparkle 
strawberry daughter plants were potted 
in late August and held outside until 
early November. They were then divided 
into two lots, one of which was held in 
the greenhouse at 65° to 75°F under 
10-hour days, and the other subjected 
to chilling at 35° to 45°F continuously, 
also under short-day conditions. Ap- 
proximately 2 months later the chilled 
plants were brought to the greenhouse. 
At that time both the chilled plants and 
those that had been held continuously 
at warm temperatures were separated 
into long (16-hour) day and short (12- 
hour) day lots. After a month, these 
four lots of plants were again divided, 
and half of each lot was sprayed with 
100 parts of gibberellic acid (Gibrel) 
per million. 

The unchilled plants grew more slow- 
ly and their leaves were smaller and 
darker green than those from chilled 
plants in all lots. In addition to the 
growth stimulus from chilling, there 
were additive stimulatory effects of long 
days and Gibrel. Thus, the unchilled, 
short-day plants that received no Gibrel 
grew least, and the chilled, long-day 
plants that received Gibrel grew most. 
Table 2 shows the effects of these treat- 
ments on pipecolic acid content, as mi- 
crograms per gram of dry weight, of the 
young fully expanded leaves sampled 
about 2 weeks and about 5 weeks after 
the chilled plants were brought to the 
greenhouse. At the first sampling the 
growth stimulus resulting from chilling 
was accompanied by a very great rise 
in ninhydrin-reacting nitrogenous com- 
pounds. As a result, although no con- 
sistent difference in the micrograms of 
N as pipecolic acid was apparent, that 
present amounted to 13.8 and 14.9 per- 
cent of the total soluble nitrogen ac- 
counted for in leaves of unchilled plants 
and only 3.6 and 4.9 percent of that 
found in leaves from chilled plants. 
Three weeks later, and about 2 weeks aft- 
er Gibrel treatment, ninhydrin-reacting 
N had increased markedly in all the leaf 
samples from nonchilled plants and had 
decreased in the leaves from chilled 





Table 2. Influence of chilling, day length, and 
gibberellic acid treatment on nitrogenous frac- 
tions in young, fully expanded leaves of the 
Sparkle strawberry, 1959. 





Nitrogenous fractions 





Pipecolic acid 








Date and Total* — 
treatment (ug N/ ug N/ % of 
g dry g dry total 
wt.) wt. N 
Short day 
(1 /30) 
Chilled 1283 46 3.6 
Nonchilled 398 59 14.9 
(2/19) 
Chilled 654 16 2.4 
Nonchilled 769 146 18.9 
(2/19) 
Chilled + Gibrel 733 14 1.9 
Nonchilled + 
Gibrel 833 193 23.2 
Long day 
(1 /30) 
Chilled 1091 54 4.9 
Nonchilled 279 39 13.8 
(2/19) 
Chilled 485 il 2.4 
Nonchilled 757 300 39.6 
(2/19) 
Chilled + Gibrel 529 14 aa 
Nonchilled + 
Gibrel 570 96 16.8 





* Alcohol-soluble ninhydrin-reacting substances. 


plants. In addition, there was a striking 
increase in pipecolic acid N in all four 
leaf samples from unchilled plants, and 
this became the dominant form of nin- 
hydrin-reacting N in those samples, ris- 
ing to 39.6 percent of the total in the 
nonchilled plants that were under long 
days but did not receive Gibrel. 
Lysine was low in all samples and did 

not vary consistently as a result of treat- 
ments affecting growth. If a-amino adipic 
acid was present, it did not appear at 
the expected position on any of the two 
directional chromatograms in sufficient 
concentration to react with ninhydrin. 
It seems possible, therefore, that the in- 
crease in pipecolic acid associated with 
internal growth inhibition resulted from 
blockage in metabolic conversion to oth- 
er compounds, (5). 

LAWRENCE YATSU 

DAMON BOYNTON 
Department of Pomology, 
Cornell University, Ithaca, New York 
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THE AMERICAN ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE 


and 


THE NATIONAL SCIENCE FOUNDATION 


announce the publication of revised editions of two popular book- 
lists, and the issuance of three new publications of the Science 
Library Program: 


THE TRAVELING HIGH SCHOOL SCIENCE LIBRARY (Sth 
edition, 1959), an annotated catalog of the 200 books in a special 
loan collection being sent to 1700 schools this year, 25¢ a copy. 


THE TRAVELING ELEMENTARY SCHOOL SCIENCE LI- 
BRARY (ist edition), an annotated catalog of the 160 books in a 
special collection being sent to 800 selected elementary schools, 
25¢ a copy. 


AN INEXPENSIVE SCIENCE LIBRARY (3rd edition, 1959), a 
selected and annotated list of over 400 paperbound science books 
suitable for high-school students and non-specialist adult readers, 
25¢ a copy. 


THE AAAS SCIENCE BOOK LIST (1959), an annotated check- 
list of about 900 books recommended for high-school and public 
libraries prepared with the collaboration of members of the AAAS 
Council and other scientists and educators, $1.00 per copy, net. 


A SELECTED LIST OF CAREER GUIDANCE PUBLICATIONS, 
prepared for high school students and teachers. Single copy free. 


A discount of one-third is offered on orders for 25 or more copies 
of all lists, except The AAAS Science Book List, if sent to a single 
address. Remittances should accompany orders totalling less than 
$5.00. Do not send postage stamps in payment. 


Address orders to AAAS PUBLICATIONS 
1515 Massachusetts Avenue, N.W. 
Washington 5, D.C. 
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Meetings 
Forthcoming Events 


November 


1-4. Society of Economic Geologists, 
Pittsburgh, Pa. (H. M. Bannerman, U.S. 
Geological Survey, Washington 25.) 

2-4. American Clinical and Climatolog- 
ical Assoc., Hot Springs, Va. (F T. Bill- 
ings, 420 Medical Arts Bldg., Nashville, 
Tenn.) 

2-4. Atomic Industrial Forum, annual 
conf., Washington, D.C. (Atomic Indus- 
trial Forum, Inc., 260 Madison Ave., New 
York 16.) 

2-4. Geochemical Soc., Pittsburgh, Pa. 
(K. B. Krauskopf, Geology Dept., Stan- 
ford Univ., Stanford, Calif.) 

2-4. Geological Soc. of America, Pitts- 
burgh, Pa. (H. R. Aldrich, 419 W. 117 
St., New York 27.) 

2-4. Mineralogical Soc. of America, 
Pittsburgh, Pa. (C. S. Hurlbut, Jr., 12 
Geological Museum, Harvard Univ., Ox- 
ford St., Cambridge 38, Mass.) 

2-4. National Assoc. of Geology Teach- 
ers, Pittsburgh, Pa. (F. Foote, Dept. of 
Geology, Williams College, Williamstown, 
Mass. ) 

2-4. Paleontological Soc., Pittsburgh, 
Pa. (H. B. Whittington, Museum of Com- 
parative Zoology, Harvard Univ., Cam- 
bridge 38, Mass.) 

2-5. Physical and Extractive Metallurgy, 
symp., Chicago, Ill. (Metallurgical Soc. of 
AIME, 29 W. 39 St., New York 18.) 

2-6. American Inst. of Mining, Metal- 
lurgical, and Petroleum Engineers and Inst. 


| of Metals, fall, Chicago, Ill. (E. O. Kirken- 
| dall, AIME, 29 W. 39 St., New York 18.) 


2-6. Collegium Internationale Allegal- 
ogicum, 4th symp., Rome, Italy. (A. Cer- 
letti, Pharmacological Laboratories, San- 
doz, Ltd., Basel, Switzerland.) 

4-5. Diffraction, 17th annual conf., Pitts- 
burgh, Pa. (P. K. Koh, Allegheny Ludlum 
Steel Corp., Research and Development 
Laboratories, Brackenridge, Pa.) 

4-6. American Nuclear Soc., conf., 
Washington, D.C. (American Nuclear Soc., 
John Crerar Library, 86 E. Randolph St., 
Chicago 1, Ill.) 

4-6. Antibiotics, 7th annual symp., 
Washington, D.C. (H. Welch, Div. of 
Antibiotics, Food and Drug Administra- 
tion, Dept. of Health, Education, and Wel- 
fare, Washington 25.) 

4-6. Design of Experiments in Army 
Research, 5th conf. (by invitation only), 
Fort Detrick, Frederick, Md. (F. G. Dres- 
sel, Office of Ordnance Research, Box CM, 
Duke Station, Durham, N.C.) 

4-6. Eastern Analytical Symp., New 
York, N.Y. (P. Lublin, Publicity Chair- 
man, Sylvania Research Laboratories, Bay- 
side, N.Y.) 

4-6. Industrial management Soc., Chi- 
cago, Ill. (R. J. Mayer, IMS, 330 S. Wells 
St., Chicago 6.) 

4-6. National Automatic Control Conf., 
Dallas, Tex. (G. L. Turin, Hughes Re- 
search Laboratories, Culver City, Calif.) 

4-6. Society of Rheology, 30th anniver- 
sary, Bethlehem, Pa. (J. T. Bergen, Arm- 
strong Cork Co., Lancaster, Pa.) 

4-6. Technical Assoc. of the Pulp and 
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GLASS ABSORPTION 
CELLS KLETT 


made 
by 








SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 
ards—Klett Reagents. 














Kiett Manufacturing Co. 
179 East 87 Street, New York, New York 











LEISS 


Single and Double 
MIRROR-MONOCHROMATORS 





with exchangeable prisms for the 


visible, ultraviolet, infrared from 
200 millimicrons to 20 microns 


Write for Bulletin +980 to 


PHOTOVOLT CORP. 
95 Madison Ave. New York 16, N.Y. 











NEW! 1959 Edition CHART OF THE ATOMS 


All specific information including a tabulation of principal isotopes now arranged 
for greater clarity @ Nobelium 102 (most recent discovery) included 
Chart and 48-page KEY booklet both completely revised rd Dr. William F. Meggers, National Bureau of 
® 
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Paper Industry, 13th alkaline pulping 
conf., Jacksonville, Fla. (TAPPI, 155 E. 
44 St., New York 17.) 

5-8. Group for the Advancement of 
Psychiatry, New York, N.Y. (American 
Psychiatric Assoc., 1700 18 St., NW, Wash- 
ington 9.) 

6. Gastroenterology Research Group, 9th 
semi-annual, Chicago, Ill. (E. Clinton Tex- 
ter, Jr., Ward Memorial Bldg., Medical 
School, Northwestern Univ., 303 E. Chi- 
cago Ave., Chicago 11.) 

8—13. International Rubber Conf., Wash- 
ington, D.C. (B. S. Garvey, Jr., Pennsalt 
Chemical Corp., Industrial Chemicals Div., 
813 Lancaster Pike, Wayne, Pa.) 

9-11. American Petroleum Inst., 39th 
annual, Chicago, Ill. (API, 50 W. 50 St., 
New York 20.) 

9-11. Association of Military Surgeons, 
66th annual conv., Washington, D.C. (R. 
E. Bitner, AMS, Suite 718, 1726 Eye St., 
NW, Washington 6.) 


9-11. Chemical Engineering, symp., 
Hamilton, Ontario, Canada. (Chemical 
Inst., 18 Rideau St., Ottawa 2, Ontario.) 


9-11. Institute of Radio Engineers— 
Electronics Industries Assoc., fall, Syra- 
cuse, N.Y. (L. G. Cumming, IRE, 1 E. 
79 St., New York 21.) 


9-11. Instrumentation Conf., 4th, At- 
lanta, Ga. (W. B. Jones, Jr., School of 
Electrical Engineering, Georgia Inst. of 


Technology, Atlanta 13.) 

9-12. Society of Exploration Geophysi- 
cists, 29th annual intern, Los Angeles, 
Calif. (B. Roberts, SEG, 1544 N. High- 
land Ave., Los Angeles 28.) 


10-12. Electrical Techniques in Medicine 
and Biology, 12th annual conf., Philadel- 
phia, Pa. (D. A. Holaday, College of 
Physicians and Surgeons, Columbia Univ., 
New York 32.) 

10-15. Laboratory Measurement and 
Automation Techniques in Chemistry, in- 
tern. cong., Basel, Switzerland. (ILMAC, 
61 Clarastrasse, Basel, Switzerland.) 

11-12. Clinical Anticancer Drug Re- 
search, Washington, D.C. (B. H. Morrison, 
III, Cancer Chemotherapy National Serv- 
ice Center, National Cancer Inst., Bethes- 
da 14, Md.) 

11-13. Gerontological Soc., Detroit, 
Mich. (R. W. Kleemeier, Dept. of Psy- 
chology, Washington Univ., St. Louis 5.) 

11-14. Society of Naval Architects and 
Marine Engineers, annual, New York, 
N.Y. (W. N. Landers, SNAME, 74 Trin- 
ity Pl., New York 6.) 

12-13. Cardiology in Aviation, intern. 
symp., Brooks Air Force Base, Tex. (L. 
E. Lamb, Dept. of Internal Medicine, 
School of Aviation Medicine, Brooks Air 
Force Base.) 

12-13. Operations Research Soc., natl., 
Pasadena, Calif. (D. A. Katcher, 4608 
Morgan Drive, Chevy Chase 15, Md.) 

12-13. Utilization of Atomic Energy, 
2nd annual conf., College Station, Tex. 
(G. M. Krise, Radiation Biology Labora- 
tory, Texas Engineering Experiment Sta- 
tion, College Station.) 

12-18. International Odontological Ses- 
sion (with 64th Paris Dental Congress), 
Paris, France. (J. Charon, Secretary-Gen- 
eral, 31, rue Tronchet, Paris 8°, France.) 





15-18. Society of American Foresters, 
59th, San Francisco, Calif. (Soc. of Amer- 
ican Foresters, Mills Bldg., 17th and Penn- 
sylvania Ave., NW, Washington 6.) 

15-19. American Soc. of Agronomy, 
Cincinnati, Ohio. (L. G. Monthey, 2702 
Monroe St., Madison 5, Wisc.) 

15-20. Radiological Soc. of North 
America, conf., Chicago, Ill. (Radiological 
Soc. of North America, 815 Medical Arts 
Bldg., Fort Worth, Tex.) 

16-18. Molecular Structure, 3rd conf., 
Houston, Tex. (Robert A. Welch Foun- 
dation, 2010 Bank of the Southwest Bldg., 
Houston 2.) 

16-19. Magnetism and Magnetic Ma- 
terials, Sth conf., Detroit, Mich. (D. M. 
Grimes, Dept. of Electrical Engineering, 
Univ. of Michigan, Ann Arbor.) 

16-20. American Rocket Soc., annual 
meeting, Washington, D.C. (J. J. Harford, 
ARS, 500 Fifth Ave., New York 36.) 

16-20. Automation Cong., 5th intern., 
New York, N.Y. (R. Rimbach, 845 Ridge 
Ave., Pittsburgh 12, Pa.) 

16-21. Antarctic Symp., Buenos Aires, 
Argentina. (R. N. Panzarini, Instituto 
Antarctico, Argentino, Cerrito 148, Buenos | 
Aires. ) 

16-21. Disposal of Radioactive Waste. 
conf., Monaco. (Intern. Atomic Energy 
Agency, 11-13 Kirntner Ring., Vienna 1, 
Austria. ) 

17-19. Building Research Inst. (NAS- 
NRC), fall conf., Washington, D.C. (J. 
H. Houtchens, Information Services, BRI, 
NAS-NRC, 1145 19 St., NW, Washing- 
ton 25.) 
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LOW COST / ALOE U-V CUVETTES 


ROUND / MATCHED / ULTRAVIOLET TRANSMITTING 


For use with 
Beckman DU Spectrophotometers 


Available for the first time, these low 
cost, Aloe, ultraviolet transmitting, 
round cuvettes offer distinct advan- 
tages to all educational, industrial and 
other research laboratories. Multiple 
problem of low cost, accurate U-V 
cuvettes now solved with these round, 
matched cuvettes. Proven in labora- 
tory use over a year. No unusual 
etching noted when 4 normal acid or 
alkali concentrations were allowed 
to stand for as long as two hours. 


They compare most favorably in ac- 
curacy, to say nothing of cost, with 
conventional square “‘quartz’”’ cuvettes 
in the 235-340 mu range where 95% 
of all U-V measurements are made. 


74147A — Aloe U-V Cuvettes, round, 
set of 4, matched to tolerance of 
VEGA: crs. 3c leralgualere Seen $20.00 


74147B — Aloe U-V Cuvettes, round, 
set of 12, matched to tolerance of 


Accessories: 
Precision Molded Adapter — holds 

cuvettes in firm position. 
74217F — Aloe U-V Cuvette Adapter, 
UT aa ange ied aan a aay $5.00 
74217E — Aloe U-V Cuvette Adapter 
with matched set of 4 cuvettes . $25.00 
Aloe U-V Cuvette Adapter Carriage 


— precision made, yet versatile. 


74217D — Aloe U-V Cuvette Adapter 
Carriage, ath. oa08os,icccrs $32.00 


Direct your order or request for additional information to: 


FULLY STOCKED DIVISIONS COAST-TO-COAST 
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ogical Presents definitive article on characteristics and properties of scintillation phosphors 
Arts with special emphasis on Nal(T1). A general discussion of scintillation counting is 

| augmented with many appropriate tables, efficiency curves, and typical gamma ray 
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GET YOUR ADVANCE COPY 
of the General Program of the 
AAAS Chicago Meeting 


by first class mail — early in December 


The General Program of the 126th Meeting of the AAAS in Chicago, 26-31 Dec., 1959, 
will be available to you within the first week in December—whether you can attend the Meeting 
or not. 

Effective this year, the former General Program-Directory, which had become an unwieldy 
book of more than 400 pages, has been separated into two publications, namely: 

a) The Directory of AAAS Officers and Activities, 96 pp., already published; and 
b) The General Program of the Annual Meeting, c. 200 pp., which will appear early in 
December 
Both of these, sold at cost, may be purchased separately—in advance (see coupon below), or at 
the meeting. Some of their respective contents are: 


The General Program The Directory 

1. The two-session general symposium “Moving Frontiers of 1. AAAS officers, staff, committees, for 1959. 
Science IV,” arranged by the Committee on AAAS Meetings. ; : : 

2. Programs of the 18 AAAS sections (symposia and contributed 2. Section committees and other AAAS Council members. 
papers). 3. The 285 affiliated organizations. 

3. Programs of the more than 70 participating societies. caniuiii eaak dak eae : ie eee 

4. Sessions of the Conference on Scientific Communication, Con- 4. Historical sketch @n0 Gcgameetan Of tie: Aeeieunere. 
ference on Scientific Manpower, and the Academy Conference. 5. Complete roll of AAAS presidents and their fields. 

5. The Special Sessions: AAAS Address and Reception, National caret roe 4 ‘ 4 
Geographic Society, Phi Beta Kappa, Sigma Xi, RESA, Tau 6. Publications of the Association, including all symposium 
Beta Pi Association. volumes. 

6. Details of the Morrison Hotel—center of the Meeting—and 7. AAAS Awards—including all past winners. 


of the other session sites. 


7. Titles of the latest foreign and domestic scientific films to be 8. Future Meetings of the AAAS through 1963. 
shown in the AAAS Science Theatre. 


8. Exhibitors in the 1959 Annual Exposition of Science and Piet 
Industry and descriptions of their exhibits. 10. Constitution and Bylaws. 


9. New and current activities of the AAAS. 


Advance Registration 


Advance registration has _ these decided advantages: 1) You avoid delay at the Registration Center upon arrival; 2) You re- 
ceive the General Program in ample time to decide, unhurriedly, which events and sessions you particularly wish to attend; 
3) Your name is posted in the Visible Directory as the Meeting opens. 


The following coupon may be used both by advance registrants and by those who wish only 
the advance copy of the General Program; the Directory may also be ordered. 


—THIS IS YOUR COUPON FOR AN ADVANCE COPY OF THE GENERAL PROGRAM— 
(AND FOR THE DIRECTORY, IF ALSO DESIRED) 


la. 1] Enclosed is $3.00 for my advance Registration Fee which brings me the General Program, Convention Badge, and all 
privileges of the Meeting. 

1b. 1) Enclosed is $2.00 for only the General Program. (It is understood that, if I should attend the Meeting later, the Badge— 
necessary for the privileges of the Meeting—will be secured for $1.00 more.) 

(Check la or 1b) 


Ic. (] Enclosed is $1.00 for the Directory of AAAS Officers and Activities to be sent now. 


Total amount enclosed $................ 
2. FULL —— CUB g iS ee nr wr Nie See ee Rear oy sere Neat get oe ke | 
Please print or typewrite) (Last) (First) (Initial) 

ACADEMIC. PROFESSIONAL, OR 
BUSINESS CONNECTION 


TH CSCS ETO SLT SCOTS So LeTe SHER SHHESH HS OH ECCS F 00s 6 9.0 50 O80 £06 66-6 Ole © 616 8 6 6 66 6S 6.6 8 8 85 8 5 cee 
© 0) ob bla ©. 66 6.0 6 0 web © sinc els k 8H 6 8 6 e 8 18 0 6 ewe eee ole 006 6 06 6 BUSS © 6 ee OSS © 6 Oe © 6 8 6. 666 @ ecee eee 


(May be added later, after arrival) 


Please mail this Coupon and your check or money order for the total amount to the 
AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
1515 Massachusetts Avenue, NW, Washington 5, D.C. 
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17-19. Northeast Electronics Research 
and Engineering Meeting, Boston, Mass. 
(Miss S. Whiteker, Inst. of Radio Engi- 
neers, 73 Tremont St., Boston, Mass.) 


17-20. National Assoc. for Mental 
Health, annual, Philadelphia, Pa. (Ameri- 
can Psychiatric Assoc., 1700 18 St., NW 
Washington 9.) 

18. Association for Psychiatric Treats 
ment of Offenders, New York, N.Y. (M. 
Schmideberg, New York Acad. of Sciences, 
2 E. 63 St., New York 21.) 

19-21. Inter-Society Cytology Council, 
annual, Detroit, Mich. (P. A. Younge, 
ISCC, 1101 Beacon St., Brookline 46, 
Mass. ) 

20-21. American Mathematical Soc., 
Winston-Salem, N.C. (J. W. Green, Univ. 
of California, Los Angeles 24.) 

20-21. Nuclear Fusion, symp., Austin, 
Tex. (Texas Symp. on Nuclear Fusion, 
P.O. Box 8005, University Station, Austin, 
Tex.) 

22-24. American Soc. of Hematology, 
2nd annual, St. Louis, Mo. (J. W. Rebuck, 
Henry Ford Hospital, Detroit, Mich.) 

22-29. Pan American Child Cong., 11th, 
Bogota, Colombia. (Office of Intern. Con- 
ferences, Department of State, Washing- 
ton 25.) 

23-24. Solid-State Techniques in Mod- 
ern Instrumentation, symp., Philadelphia, 
Pa. (G. L. Eberly, 12 S. 12 St., Phila- 
delphia 7.) 

23-25. Fluid Dynamics (APS), Ann 
Arbor, Mich. (R. J. Emrich, Dept. of 
Physics, Lehigh Univ., Bethlehem, Pa.) 

23-26. Technical European Conf. on 
Standards Applicable to Water (by invita- 
tion only), Copenhagen, Denmark. (World 
Health Organization, Regional Committee 
for Europe, 8 Scherfigsvej, Copenhagen.) 

23-3. Inter-African Soils Conf., 3rd, 
Daloba, Guinea. (Committee for Technical 
Cooperation in Africa South of the Sahara, 
Abbey House, 2-8 Victoria St., London, 
S.W.1, England.) 

25. Association for the Advancement of 
Psychoanalysis, New York, N.Y. (New 
York Acad. of Medicine, 2 E. 103 St., 
New York, N.Y.) 

26-27. Association for the Utilization 
of Atomic Energy in Ship-Building and 
Navigation, Hamburg, Germany, Gesell- 
schaft fiir Kernenergieverwertung in Schiff- 
bau m.b.H., Hamburg.) 

26-28. Central Assoc. of Science and 
Mathematics Teachers, Chicago, Ill. (G. 
G. Mallinson, Western Michigan Univ., 
Kalamazoo. ) 

26-28. Ceylon Assoc. for the Advance- 
ment of Science, Colombo. (K. Arumu- 
gam and S. Wijesundera, General Secre- 
taries, Univ. of Ceylon, Colombo 3.) 

26-29. Legal and Administrative Prob- 
lems of Peaceful Use of Nuclear Energy, 
intern. conf., Rio Piedras, Puerto Rico. 
(J. Mayda, Faculty of Law, Univ. of 
Puerto Rico, Rio Piedras.) 

27-28. American Mathematical Soc., 
Detroit, Mich. (J. W. Green, Univ. of Cali- 
fornia, Los Angeles 24.) 

27-28. American Physical Soc., Cleve- 
land, Ohio. (K. K. Darrow, Columbia 
Univ., New York 27.) 

27-28. American Soc. of Animal Pro- 
duction, Chicago, Ill. (H. H. Stonaker, 
Colorado State University, Fort Collins.) 


(See issue of 18 September for comprehensive list) 
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New Products 


The information reported here is obtained from 
manufacturers and from other sources considered 
to be reliable. Neither Science nor the writer as- 
sumes responsibility for the accuracy of the in- 
formation. All inquiries concerning items listed 
should be addressed to Science, Room 740, 11 
West 42 St., New York 36, N.Y. Include the 
name(s) of the manufacturer(s) and the depart- 
ment number(s). 


™ NEUTRON DETECTION FOILS permit 
measurement of neutron-energy spectra 
as follows: gold and cobalt for thermal 
flux; Pu*’, energies greater than 1 kev; 
U™, energies greater than 1.5 Mev; S”, 
energies greater than 2.9 Mev; Al”, us- 
ing products of (n, p) reaction, energies 
greater than 5.3 Mev; Al” and products 
of (n, 2) reaction, energies greater than 
8.6 Mev. (Aerojet-General Nucleonics, 
Dept. 99) 


™ SCRATCH INVESTIGATION MICROSCOPE 
can be used to measure the depths of 
scratches on flat or curved surfaces. 
Range of measurement is 0.5 to 12 xX 
10-* in. Oblique illumination of the ob- 
ject produces a magnification in depth 
of 4 times the lateral magnification. The 
instrument is portable and has battery- 
powered illumination. A camera attach- 
ment is available. (Hilger and Watts, 
Dept. 100) 


™ WATER DEMINERALIZER of mixed-bed 
type connects directly to the tap to de- 
liver water at full line pressure. Ex- 
changer container may be removed and 
discarded or regenerated for reuse. Ca- 
pacity is approximately 1500 grains of 
total solids as CaCO,. A conductivity 
meter is included. (Pfaudler Permutit, 
Dept. 101) 


®™ NUMERAL INDICATOR TUBE provides 
1.5-in. high numerals said to be read- 
able at distances up to 50 ft at a 160- 
deg angle with ambient illumination 
brighter than normal room _ illumina- 
tion. The numeral to be illuminated is 
selected by grounding the appropriate 
connection. (Baird Atomic, Dept. 104) 


™ CHROMATOGRAM SCANNER includes a 
synchronous stepping mechanism that 
advances the strip to be scanned in finite 
steps from 0 to % in., as selected. At 
each step the strip is counted to preset 
time or preset count. A record of step 
number, elapsed time, count, and count 
rate is printed. (Tracerlab, Dept. 105) 


™ ANALOG COMPUTER for gas chroma- 
tography is said to make possible the 
calculation of a complete analysis in 
less than 3 min with accuracy within 
+0.1 percent. The computer corrects 
peak areas or peak heights for differ- 
ences in detector response and normal- 
izes corrected areas to 100, thereby 
giving mole percentage or weight per- 
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Do you know that... 


= SOLID MATTER is more than 
99.99% empty space? 


ELECTRONIC BRAINS solve all 
problems with only two figures: 0 
and 1? 

MAN has not five but at least 
ten physical senses? 

THE MOON is better known fo us 
than the interior of the earth? 

COLOR exists only in the eye of 
the observer? 

A STRAIGHT LINE is not always 
the shortest distance between 
two points? 

You can find the answers to 
thousands of questions on science 
quickly and easily with 

The Concise 

a _ J 

Dictionary of Science 


PERM 4 


by Frank Gaynor 
An up-to-date dictionary provid- 
ing concise definitions of terms 
and concepts pertaining to all 
fields of science. Full coverage is 
given to the newer sciences. 


$10.00 


Philosophical Library, Publishers 
15 East 40 Street, New York 16 
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STEREOSCOPIC 


MICROSCOPE 
for the budget- minded! 


Designed and sturdily built for 
educational or industrial use, 
UNITRON Model MSL has the 
same optical and mechanical 
features found in higher priced 
instruments. 

Erect, three-dimensional image 
Coated optics and prisms 

Achromatic 2X paired objectives, 
paired wide field eyepieces 

Working distance 75mm. 


Vertical binocular body with inter- 
pupillary and diopter adjustments 


es focusing excursion 70mm. 
y base, removable glass stage 

plate: Y tage Clips 

@ Choice of one magnification 10X, 20X 

or 30X, extra eyepieces available 


Complete in fitted hardwood cabinet .... 
FREE 10 DAY TRIAL 


ALSO AVAILABLE 
Mode! MSL-A with magnifications — 
5X or a wh 15X 1 


UNI TRON 


INSTRUMENT DIVISION of UNITED SCIENTIFIC CO 
204-206 MILK STREET * BOSTON 9, MASS 




















z| rush to me, UNITRON's Microscope Catalog. 4-V1 1 
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centage of each component. The three 
models available can handle 4-, 8-, or 
12-component mixtures. (Podbielniak, 
Dept. 106) 


™ RESIDUAL CHLORINE ANALYZER gener- 
ates a current, by means of two elec- 
trodes made of dissimilar metals, pro- 
portional to the amount of free or total 
residual chlorine in a line. Electrodes 
are kept clean by small glass spheres 
that circulate across their surfaces. Re- 
sidual chlorine is recorded in parts per 
million on standard recorder charts. 
(Fischer and Porter, Dept. 111) 


™ FILM CARD READER for large-size docu- 
ments copied on 35 mm microfilm fea- 
tures an 18-by-24-in. screen. A 500- 
watt lamp provides illumination. Adapt- 
ers are available for roll film. (Eugene 
Dietzgen, Dept. 103) 


™ POWER SUPPLY for special tubes fur- 
nishes 500 to 5000 volts at 0 to 10 ma. 
Output is positive, negative, or floating. 
Maximum ripple is 10 mv peak-to-peak. 
Voltage may be reset within +0.05 per- 
cent. (Alfred Electronics, Dept. 107) 


™ AIRBORNE AMPLIFIER for thermo- 
couple and strain-gage amplification and 
telemetering operations is designed to 
operate from 28-volt d-c or 6.3-volt, 


400-cy/sec a-c. Input is +5 ma at over 
20 kohm impedance. Gain is 400 to 
1000, and bandwidth is 0 to 1000 
cy/sec. Output impedance is less than 10 
kohm. Operating temperature range is 
—55° to +125°C; altitude range, up to 
100,000 ft; vibration up to 10 grav at 2 
kcy/sec. (Southwestern Industrial Elec- 
tronics Co., Dept. 109) 


™ ACCESSORIES FOR TISSUE GRINDERS 
include a motor, support, and cooling- 
chamber assembly. An adjustable-stroke 
mechanism permits up and down move- 
ment of the pestle within the homogen- 
izer tube. The cooling chamber holds 
the tube firmly in an environment of 
crushed ice or other coolant. (Kontes 
Glass Co., Dept. 112) 


™ VAPOR-PROOF EMERGENCY SUIT is 
opened and closed by a self-sealing slide 
fastener extending from the left knee, 
over the left shoulder, and around the 
head. A ratchet adjustment is provided 
for head-band size. All seams are ce- 
mented; no needle holes are present. 
Several types of respiratory apparatus 
are accommodated, and the suit may be 
furnished with a sound-powered com- 
munications system. The suit is designed 
to accommodate a man up to 6 ft 4 in. 
tall and weighing 250 Ib. (Union Indus- 
trial Equipment Corp., Dept. 113) 


™ COMMUNICATION MONITOR guards 
against failure of telephone communi- 
cation lines. The instrument operates by 
sending an analog voice sample with the 
voice signal along a telephone line and 
comparing the two signals at the other 
end of the line being monitored. Dif- 
ferences in voltage between the com- 
pared signals indicate the degree of 
trouble. If service is unsatisfactory, the 
call is automatically switched to an al- 
ternate line. (International Telephone 
and Telegraph Corp., Dept. 110) 


™ RECTIFIER TEST SET has forward- 
current ranges 0 to 1 and 0 to 5 amp. 
Reverse-voltage range is 0 to 1000 volts. 
Average forward voltage drop is meas- 
ured from 0 to 1 volt, and average re- 
verse current in four ranges from 0.1 
to 100 ma. Four 1-percent meters are 
used for indication. (Wallson Associ- 
ates, Dept. 118) 


™ DEGAUSSER is designed to accommo- 
date all sizes of instrumentation tapes 
and magnetic films. Tape is carried on 
a pushbutton-controlled, motor-driven 
turntable. Degaussing is accomplished 
in a predetermined 20-sec cycle. (Mag- 
nasyne Manufacturing Co., Dept. 117) 

JOSHUA STERN 
National Bureau of Standards, 
Washington, D.C. 











Volume 13 


Biosynthetic Aspects of 
Metabolism 

Aspects of Terminal 
Respiration in 
Microorganisms 

Biology of Tetrahymena 

Physiology and Develop- 
ment of Lower Fungi 
(Phycomycetes) 

Antibiotics in Food 
Preservation 

Microbiological Aspects 
of Tissue Culture 

Newer Antibiotics 

Plant Disease Resistance 

Bacteria as Plant 
Pathogens 

Nematodes in Plant 
Disease 

Nonspecific Resistance 
to Infections 








Annual Review of 


MICROBIOLOGY 


553 Pages 


Editorial Committee: S. P. Chilton, C. E. Clifton, 
C. A. Evans, R. E. Hungate, T. L. Jahn, W. W. Umbreit 


Biosynthesis of Anti- 
bodies, Facts and 
Theories 

Unicellular Clocks 

Recombination in 
Bacteriophage 

New Viruses and Virus 
Diseases of Man 

Immunologic Tolerance 

Complex Loci in 
Microorganisms 

Biochemical Cytology of 
Microorganisms 

Fermentative Metabolism 

Bacterial Genetics (with 
Particular Reference 
to Genetic Transfer) 

Sulphate Reduction by 
Bacteria 


$7.00 postpaid (U.S.A.); $7.50 postpaid (elsewhere) 
ANNUAL REVIEWS, INC. 


Grant Avenue, Palo Alto, California 
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Scientists the world. over use 

RODDER MODEL E because they 

require a rugged ULTRAMICROBALANCE 
with an OA MICROGRAM SENSITIVITY 
and a 200mg. load capacity. 


For literature / testimonials write 


MICROTECH 
SERVICES COMPANY 
775 Sunshin Dr 


SCIENCE, VOL. 130 
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GALVANOMETER RECORDER 


IMMEDIATELY VISIBLE TRACES WITHOUT PROCESSING 
Available with 6 or 12 galvanometers and a variety of 
paper speeds. Trace velocities to 10,000 in./sec., fre- 
quency ranges to 3,000 c.p.s. Indispensable for static 
and dynamic analysis of strains, vibrations, pressures, 
etc. Daylight loading, records can be stored permanently, 
Superb quality, unmatched performance, moderate cost, 


WRITE FOR FREE INFORMATION 


Cc. H. STOELTING CO. 


MULTI-CHANNEL OSCILLOGRAPHS @ POLYGRAPHS, ALL KINDS 
KYMOGRAPHS AND ACCESSORIES @ DC SERVO-GRAPHIC-RECORDER 
CHOPPER AMPLIFIERS @ STIMULATORS @ STEREOTAXIC UNITS 


MICRO-MANIPULATORS 


424 NORTH HOMAN AVENUE, 


CHICAGO 24, 





ILLINOIS 





PREC 


FERMENTOR DRIVE ASSEMBLY 
FOR LABORATORY AND PILOT PLANT APPLICATION 


® Aerobic or Anaerobic Fermentations ® Tissue Cultures 
® Other Metabolic Studies in Submerged Cultures 


Holds 6 stainless steel FERMENTORS with pyrex 
jars of capacities 5, 7.5 or 14 liters each; re- 
movable for 
freezing, ball-bearing agitator housings. Cool, 
quiet, continuous performance. 


autoclaving. Leak-proof, non- 


Stainless steel water baths, thermostatically con- 
trolled within + ‘°C. for temperatures up to 
60°C. Twin, antifriction drives for wide range of 
agitation rates. Available with Automatic Anti- 
foam System. Single fermentor and 3-fermentor 
assemblies also available. 


Write for Catalog F-S029 


iSItON 


P.O. BOX 606, NEW BRUNSWICK, NEW JERSEY 








PERSONNEL PLACEMENT 

















CLASSIFIED: Positions Wanted, 25¢ per 
word, minimum charge $4. Use of Box 
Number counts as 10 additional words. 
Payment in advance is required. Posi- 
tions Open, $33 per inch or fraction 
thereof. No charge for box number. 

COPY for classified ads must _ reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week). 

DISPLAY: Rates listed below—no charge 
for Box Number. Monthly invoices will 
be sent on a charge account basis— 
= that satisfactory credit is estab- 
ished 

Single insertion id inch 
4 times in 1 year 30.00 inch 
7 times in 1 year inch 
13 times in 1 year 4 inch 
26 times in 1 year d inch 
52 times in 1 year i inch 

For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date of 
issue (Friday of every week). 

Replies to blind ads should be addressed 
as follows: 

Box (give number) 

Science 

1515 Massachusetts Ave., N.W. 

Washington 5, D.C. 





Iii] POSITIONS OPEN jill 


Biochemist, Ph.D., to actively integrate and ex- 
pand clinical biochemistry section of outstanding 
specialized institution in southern California. 
Research potential. Salary $12,000-$14,000. Write 
to Box 219, SCIENCE. 10/2, 9 











iy POSITIONS OPEN iil 


Electron Microscopist, Ph.D. or equivalent. Re- 
search institute, New York. Modern well-equipped 
and well-staffed air-conditioned laboratory. Must 
have adequate training and experience in all 
phases of preparation of tissues and in handling 
machine. Apply Box 214, SCIENCE. 9/25; 10/2 








BIOCHEMIST 
GRADUATE (B.S. OR M.S.) 


With some training in bacteriology to perform 
research in the isolation, identification and purifi- 
cation of products of microbial origin. 


ATTRACTIVE SALARY 


Employee benefits, 3712 hours. 
Send resume to 


Ortho Pharmaceutical Corporation 
Route 202 Raritan, New Jersey 











iii POSITIONS WANTED iil 


Enzymologist, young; publications in neurochem- 
istry, marine toxins. Varied research experience, 
some teaching, seeks nen research posi- 
tion. Box 224, SCIEN x 


Ph.D., parasitology major, biochemistry and nu- 
trition minors. Experience in zoology and public 
health teaching; research parasitologist of feed 
additive products. Desires research and devel- 
opment appointment. Medical Bureau, Burneice 
Larson, Director, 900 North Michigan, Chicago. X 














Biochemist, M.D. or Ph.D., principal scientist for 
radioisotope research laboratory, 377 beds GMAS 
VA Hospital, Fort Howard, Md. Affiliated with 
Johns Hopkins and University of Maryland Medi- 
cal Schools, Opportunity for basic as well as 
clinical investigation and medical application of 
isotopes. Experience required, knowledge of pa- 
tient metabolism preferred. Starting salary $8810 
or $10,130 per annum, depending on qualifica- 
tions; liberal vacation and sick leave plan, career 
Civil Service. For further information, write or 
contact the Chief, Personnel Division, VA Hospi- 
tal 3900 Lock Raven Boulevard, Baltimore ‘s, 








Geneticist with strong biochemical background. 
Teaching with strong emphasis on research. Rank 
and salary dependent on training and experience 
although preference will be given to young Ph.D. 
with 2 to 3 years of postdoctorate experience. 
Appointment 1 July 1960. Good research facili- 
ties provided including nuclear reactor on cam- 
pus. Physiologist with strong genetical interests 
may be considered. Applications with full par- 
ticulars and references to Dr. H. Kleerokoper, 
Chairman, Department of Biology, McMaster 
University, Hamilton, Ontario, Canada. 10/9, 16 





Male or female, M.S. or Ph.D. Research labora- 
tory electron microscopy of tissues and animal 
tissue cultures. Background in cytology or related 
field and experienced in operation of electron 
microscope. Send detailed résumé to Dr. J. A. 
Christensen, Saint Barnbas Medical Center, High 
St., Newark, N.J. 10/2 





New World-Wide Graduate Award Directories 
for American scientists, teachers, librarians to 
subsidize their education and research. Stipends 
$200—$10,000. Volume I (1957), $3; volume II 
(just published, no duplication), $3; both volumes, 
$5. Limited editions. Complete, specific informa- 
tion on 400 awards in United States and overseas 
in each volume. CRUSADE, Sci., Box 99, Station 
G, Brooklyn 22, N.Y. eow 





Pharmacologist, Ph.D. with experience or train- 
ing in drug evaluation and pharmaceutical re- 
search and development. Send résumé to Pharma- 
ceutical Research Division, Norden Laboratories, 
Lincoln, Nebraska. xX 
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Hii POSITIONS OPEN iii 


(a) Organic Chemist, Ph.D., 5 to 10 years’ lab- 
oratory experience and Bacteriologist, master’s or 
Ph.D. to head applications laboratory; opportun- 
ity, also for Organic Chemist to work on syn- 
thesizing of new organic compounds; research 
department; important company; $12,000-$15,000; 
East. (b) Clinical Chemist, Ph.D.; preferably with 
minimum of 5 years’ recent experience as chem- 
istry supervisor in hospital; 12-man group ex- 
panding facilities; Pacific Coast; $8400-$12,000. 
(c) Organic Chemist to become associated with 
two organic neurologists; Pacific Coast. (d) Phar- 
maceutical Chemist with product development 
and research experience; large city, Midwest; 
$8000-$10,000. (e) Supervisor, Fermentation Proc- 
ess Develpoment; preferably biochemist or chem- 
ical engineer with administrative experience; 
important pharmaceutical company; college town 
near medical center; East. (f) Biochemist to join 
staff of biochemistry department of large pharma- 
ceutical company; should have background in 
medical sciences and experience in proteins; 
$14,000; East. S10-1 Medical Bureau, Burneice 
Larson, Director, 900 North Michigan —— 





Chicago. 





(a) Pharmacologist To Direct Clinical Research; 
M.D. with previous pharmaceutical experience; 
able to organize and administer clinical research 
program; some travel; liaison with medical, re- 
lated professions; young, rapidly growing mid- 
western concern; to $18,000 or more. (b) Bacteri- 
ologist; M.S., Ph.D., to head section, increase 
work in serology, virology; 800-bed fully approved 
general hospital; prominent southern university 
city. (c) Chemist; B.S., M.S. to supervise busy 
routine laboratory, 350-bed university hospital; to 
$7500; historic eastern city. (d) Biochemist; M.S., 
Ph.D. to do research in investigation allergenic 
extracts, fractionation, purification, characteriza- 
tion; to $9000; northwestern branch allergenic re- 
search laboratories. Woodward Medical Bureau, 
Ann Woodward, Director, 185 North Wabash, 
Chicago. x 





Research Director, Ph.D. Unusual opportunity for 
capable, energetic, and ambitious person to have 
full responsibility for laboratory in growing med- 
ium-size Chicago area pioneer manufacturer of 
ingredients used in pharmaceuticals, foods, and 
feeds. Laboratory functions include research, de- 
velopment, ‘trouble shooting,” quality control. 
Industrial experience required in allied field. Ex- 
cellent growth benefits. Box 210, SCIENCE. X 


SCIENCE TEACHERS, LIBRARIANS, AD- 
MINISTRATORS urgently needed for positions 
in many states and foreign lands. Monthly non- 
fee placement journal since 1952 gives complete 
job data, salaries. Members’ qualifications and 
vacancies listed free. 1 issue, $1. Yearly (12 
issues) membership, $5. CRUSADE, SCI., Box 
99, Station G, Brooklyn 22, N.Y. ew 











Translators (Russian and/or Chinese to English). 
Specialists in all branches of the physical sciences 
who can translate technical material on full- or 
part-time basis at home. Applicant must have 
degrees in their specific sciences, thorough fa- 
miliarity with technical terminology involved, and 
native command of English. Write to Translation 
Editor, Consultants Bureau, Inc., 227 West 17 St., 
New York 11, N.Y. 








VIROLOGIST 
IF you would like to work with an 
unusual group of biological scientists 
with unique responsibilities in data 
evaluation and experimental design. 
IF you like the academic atmosphere. 
IF you would enjoy working with 
both laboratory scientists and clini- 
cians. 
IF you are thoroughly trained in vi- 
rology-immunolog 
YOU COULD BE THE SCIENTIST WE 
NEED. 
To apply your talents to the many 
facets of an expanding program in 
vaccines and chemotherapy. 
Send complete résumé to 

L. H. WATSON 

Employment Manager 
SMITH KLINE 
& FRENCH 
LABORATORIES 
1512 Spring Garden St. 
Philadelphia 1, Pa. 





The Market Place 


BOOKS + SERVICES + SUPPLIES » EQUIPMENT 





DISPLAY: Monthly invoices will be sent on 
a charge account basis—provided that 
satisfactory credit is established. 


$33.00 per inch 
30.00 per inch 
28.00 per inch 
27.00 per inch 
26.00 per inch 
25.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date of 
issue (Friday of every week). 


Single insertion 
4 times in 1 year 
7 times in 1 year 
13 times in 1 year 
26 times in 1 year 
52 times in 1 year 




















iil BOOKS AND MAGAZINES jill 


Your sets and files of 
scientific journals 


are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
periodical files you are willing to sell at high mar- 
ket prices. Write Dept. A3S, CANNER’S, Inc. 
Boston 20, Massachusetts 


WANTED TO PURCHASE against cash or in 
exchange: 
1. Annals of Missouri Botanical Garden, Vols. 











Botanical Gazette, Vols. 38-107. 
Bull. of the Torrey Botanical Club, Vols. 1-54, 


2. 
3 
Vols. 69-84. 
4. Ecological mogoeraphs, Vol. 17 (1947): 2, 3 
Si 


Vol. 18 (194 
Ecology, Vol. 3 (1922): 1. 
Proceedings of the National Academy of Sciences, 
ol. 18, Vol. 20, Vols. 24-36. We offer: 
1. Annals of botany, N.S.: Vols. 2, 5, 11:41, 42, 


12-15. 

2. Bull. de la Société Botanique de France: Vol. 
35 (1888). Vols. 97-101, Vols. 103-105 and 
a number of single issues. 

3. Ecology: Vols. 18-23 and Vol. 28. 

Kindly address offers to: American Friends of the 

get A University, 9 East 89th Street, New York 


’ 





[Ml suppiies AND EQUIPMENT [il 











“From the hand of the veterinarian 


to research” ® 


Gine rats 
CHARLES RIVER CD 


(Caesarean derived) 
CHARLES RIVER SD 
(Sprague-Dawley descendants) 
CHARLES RIVER W 

(Wistar descendants) 


HYPOPHYSECTOMIZED RATS 


@ Only Charles River CD animals used 


@Rigidly controlled environment 
(same bldg.) birth to surgery. 


@ High speed surgery by graduate biologists. 
@10 years experience animal surgery. 
@ Overnight air service from Boston 


THE CHARLES RIVER BREEDING LABS 


Dept. B, 1093 Beacon Street, Brookline 46, Mass- 
Henry L. Foster, D.V.M., President 


FREE Subscrip- 


tion to AEROGRAPH 
Research Notes, a 





Gas 








Chromatograph 


on new developments vin ons chromatography. We 
offer a and 


the Aerograph line of GLPC equipment. 
Send for your free subscription today 
WILKENS INSTRUMENT & RESEARCH INC. 
Box 313, Walnut Creek, California 
YEllowstone 5-1469 


¢ HYPOPHYSECTOMIZED RATS 
— to all points via Air Express 
or further information write 
HORMONE ASSAY LABORATORIES, Inc. 
8159 South Spaulding Ave., Chicago 29, Ill. 
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Hill SUPPLIES AND EQUIPMENT iif 


SWISS MICE 
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TACONIC 
FARMS 


NEW YORK 














AMERICAN-LINCOLN 


ANIMAL CAGES 


and INCUBATORS 








e@ American-Lincoln ani- 
mal cages of all types 
ranging from single units 
to large four compart- 
ment sizes. Special cages, 
spare pans, racks, etc., 
built to order. Incuba- 
tors for egg embryo and 
container work used by 
America’s leading scien- 
tific institutions. 

Write for New Catalog 


AMERICAN-LINCOLN INCUBATOR CO. 
New Brunswick, N.J. Dept. AS 


MICE 


C.F.1 LCR DESCENDANTS 
GREEN HILLS FARM 


Box 381, Jeffersonville, New York 
Tel.: 363 
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SPRAGUE-DAWLEY STRAIN* 
ALBINO RATS 


* Descendants 
Price lists sent on request 


& K Animal Co. 
Box 479A, Jamesburg, N. J. 


Wiiiiill PROFESSIONAL SERVICES ii 
LABORATORY SERVICES 


for the FOOD, FEED, DRUG and 
CHEMICAL INDUSTRIES 
Analyses, Biological Evaluation, 
Toxicity Studies, Insecticide Testing 
and Screening, Flavor Evaluation. 


Project Research and Consultation 


Write for Price Schedule 
P. O. Box 2217 * Madison 1, Wis. 


AUTHORS WANTED 
BY N.Y. PUBLISHER 


New York, N.Y.—One of the nation’s largest 
book publishers is seeking book-length manu- 
scripts of all types—fiction, non-fiction, poetry. | 
Special attention to new writers. For more infor- 
mation, send for booklet 28A—it’s free. Vantage 
Press, 120 W. 31 St., New York 1. (Branches in 
Washington, D.C., Chicago, Hollywood, Calif.) 
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Maurice Avenue at 58th Street 
Maspeth 78, New York City 
CABLE: FOODLABS _ TEL. TWINING 4-0800 
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INTERNATIONAL 
MODEL PR-2 
REFRIGERATED 
CENTRIFUGE 





... first choice for 
blood fractionations and 
similar low temperature 
separations. 








al HERE'S WHY MOST LABORATORY 
= oe DIRECTORS SPECIFY THE INTERNATIONAL PR-2 
~ & FOR LOW-TEMPERATURE SEPARATION 


resting 
on. 


... It offers positive temperature control with wide-range ver- 
tation satility for separations between —20° and +-10C. 

The temperature you set on the control panel is automatically 
ee held within +1°C. In fact, material temperature can be main- 
ED —— tained at 0°C indefinitely even at speeds up to 19,000 rpm... 

without subcooling rotor or chamber! 
iER 28 INTERCHANGEABLE HEADS ... . horizontal, angle, high- 
largest speed, high-capacity and shaker . . . provide accessory combi- 
aan nations to meet virtually all laboratory needs. 
¢ infor- WIDE CAPACITY RANGE .. . from 4 liters down to 7 ml... . 
whe is unmatched in the refrigerated centrifuge class. 


Write for Bulletin T. 
INTERNATIONAL (EC) EQUIPMENT CO. 


1219 SOLDIERS FIELD ROAD, BOSTON 35, MASSACHUSETTS 





Thome, 
GAS METER 


Dry Test e Portable 


Laboratory Model 


e for basal metabolism tests 
¢ for estimating pulmonary function 


e for measurement of air flow 
in urea determinations 


Direct reading, low resistance type. Ca- 
pacity 35 liters of air per minute, with dial 
graduated in 100 ml divisions. Convenient 
for measurement of large volumes in respir- 
atory studies. This compact meter, weighing 
1134 lbs. and equipped with handle, can be 
carried during exercise tests. Manometer and 
thermometer, connecting to inlet chamber, 
are included to permit correction to standard 
conditions. 


Applications. Usable for basal metabolism 
tests by the Douglas bag method, as origin- 
ally suggested by H. S. Newcomer, Journal 
of Biological Chemistry, Vol. XLVII, No. 3 
(August, 1921); for estimating pulmonary 
function as described by Frederick C. War- 
ring, Jr., in The American Review of Tuber- 
culosis, Vol. 60, No. 2 (August, 1949), pp. 
149-167; for measurement of air flow in urea 
determinations by the aeration method, etc. 


Accuracy. Travel of large dial pointer is 
not perfectly uniform, so that reading may 
be in error by as much as +150 ml at 1/3rd 
maximum rated capacity. If used for other 
than large volume tests in which such an 
error would be negligible, it is recommended 
that the error be determined by displacing 
known volume of air with water or by ref- 
erence to measuring instrument of known 
accuracy. Maximum accuracy is obtained by 
use at steady flow rate approaching the 
maximum capacity. 


Meter Mechanism. Two-diaphragm, slide- 
valve, dry gas type, with soft, plastic bellows, 
6 inches diameter, which drive the dial 
pointers with very little pressure. Residual 

A. H.T.CO. ARTHUR H. 


LABORATORY APPARATUS 


More and more laboratories rely on T a 


6023-8, ~ 


air volume approximately 5.5 liters. At max- 
imum flow rate, pressure difference between 
inlet and outlet is approximately 10 mm of 
water (0.7 mm of mercury). 


Meter Dial. Horizontal, uncovered, re- 
cessed in protective well on top of case. 
Diameter 6 inches, graduated to 10 liters in 
100 ml divisions, with four small inset dials 
totalizing to 100,000 liters. Pointers are ex- 
posed and can be turned directly to zero 
between tests without affecting accuracy of 
meter. Pointers of totalizing dials can be 
lifted off to facilitate resetting. 


Manometer. U-type, for water filling. At- 
tached to meter by threaded, swivel coupling. 
Adjustable scale is graduated on both edges 
to 50 mm above and below a central zero. 
Replaceable U-tube, made of Pyrex brand 
glass, 8 mm o.d. X 1 mm wall, is mounted 
in end brackets of phenolic plastic and is 
a by lateral strips of chromium plated 

rass. 


Thermometer. Dial type, 2 inches diam- 
eter, range 0 to 50°C in 1/2° divisions. 


Case. Of tin coated sheet steel, sweated 
seam construction, finished in gray enamel, 
with rubber feet and carrying handle. Ser- 
rated inlet and outlet tubes are 2 inches long 
and fit rubber tubing 1 inch bore. Outside 
dimensions, excluding fixtures, 7144 X 714 
X 12% inches high. 


6023-B. Gas Meter, Dry Test, Portable, Laboratory 
Model, Thomas, as above described, complete with 
manometer, dial type thermometer, threaded cap for 
manometer port, and directions for use 


THOMAS COMPANY 


Laboratory Apparatus and Reagents 


VINE ST. AT 3RD ¢ PHILADELPHIA 5, PA. 








